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ABSTRACT 
Importance of Grass-Legume Choices on Cattle Grazing Behavior and 
Performance 
 
by 
Brody Maughan, Master of Science 
Utah State University, 2013 
Major Professor: Dr. Juan J. Villalba 
Department: Wildland Resources 
 
 
Pastures have been typically dominated by monocultures, only allowing 
herbivores access to one food type with unbalanced nutrient content and in some 
instances with single plant secondary compounds (SCs), which can be toxic if 
ingested at high concentrations.  By establishing diverse pastures animals can 
select from a variety of plants with different concentrations and types of nutrients 
and SCs. The objectives of my study were to (a) determine if the type of plant 
diversity – tall fescue with either tannin-containing sainfoin or saponin-containing 
alfalfa − affects cattle preferences for these forages, (b) evaluate how readily fall-
born calves reach finish body condition on these grass-legume pastures, and (c) 
determine the effects of sainfoin/tall fescue versus alfalfa/tall fescue pasture on 
meat quality and consumer acceptance. Foraging behavior, body weight, and 
pasture biomass before and after grazing was monitored when cattle strip-grazed 
3 replications of 2 treatments repeated for 2 years (from May through September 
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2010 and from June through September 2012).  Animals were allowed a choice 
between tall fescue and sainfoin [SAN] or alfalfa [ALF]) applied randomly in 
strips (fescue, legume, or fescue-legume mixture). No differences in average daily 
gains (~ 1 Kg/day) were detected between the 2 groups of cattle. I used scan 
samples at 5-min intervals from 0730 to 0930 to record foraging behavior. 
Animals spent most of the time grazing legumes and scans on legumes increased 
from the beginning to the end of the study. Scans and assessments of pasture 
biomass removal revealed greater use of sainfoin than alfalfa, whereas cattle in 
the ALF treatment removed more fescue than cattle in the SAN treatment.  The 
presence of tannins in sainfoin likely contributed to these effects. Beef carcasses 
were very lean (select or standard quality grade), with 4-6% mean fat content. 
There were no differences between treatments regarding meat color, oxidative 
stability, fatty acid analyses, or consumer acceptance. Only 2 volatiles (nonanoic 
and decanoic acids) were greater in meat from the ALF treatment. Thus, cattle 
offered choices reached finish body weight at pasture and incorporated fescue into 
their diets even when legumes were available. The type of legume influenced 
foraging behavior but this effect did not impact animal performance, meat quality, 
or consumer acceptance.  
(92 pages) 
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PUBLIC ABSTRACT 
Importance of Grass-Legume Choices on Cattle Grazing Behavior and 
Performance 
by Brody Maughan 
Livestock production systems have emphasized low diversity of high-
producing forage species dependent upon costly fossil-fuel inputs. However, 
diversity of plants in natural systems is common, and diverse plant communities 
enable herbivores to meet needs for nutrition and health. Plants provide 
herbivores with nutrients and bioactive compounds – plant secondary compounds 
(SCs), which at appropriate concentrations can reduce internal parasites and 
greenhouse gas emissions, improve nutrient utilization and enhance meat quality 
in ruminants. In addition, SCs confer plants more resistance to environmental 
challenges such as drought or pests. 
 With my MS program, I sought to explore foraging behavior in cattle 
grazing diverse pastures presented as a choice in strips. Some of these pastures 
contained SCs, like tannins in sainfoin and saponins in alfalfa. Cattle had also 
available a grass (tall fescue) of lower nutritional quality than alfalfa and sainfoin. 
This research will help us better understand the ability of herbivores to use 
diverse forages and its impact on productivity, meat quality and consumer 
acceptance. Diverse pastures (plant species, chemistries) will contribute to create 
sustainable agricultural ecosystems, with complementary benefits for soils, plants, 
herbivores, and people. 
 vi 
ACKNOWLEDGMENTS 
At this time I would like to express my appreciation and gratitude to 
everybody that has helped me along the way in order to complete my 
master’s degree. 
I have to express my gratitude to the Utah Agricultural Experiment 
Station and the Intermountain Irrigated Pasture Project, Utah State 
University, the National Institute of Food and Agriculture (NIFA) USDA 
(Award 2009-35101-05360) and the Dixon Foundation for supporting and 
funding my program. 
I would first like express my gratitude to my advisor, Dr. Juan Villalba for 
all of his guidance and support throughout the last few years.  His knowledge and 
expertise of the subject at hand has always been very beneficial.  His comments, 
input, and feedback are essentially what allowed me to complete my degree 
Also, I am very thankful to Dr. Fred Provenza for allowing me to work with a 
great research group.  I have always taken his enthusiasm and wisdom to heart, 
and I truly have appreciated his input and support along the way.  I have to give 
very special thanks to Dr. Jennifer MacAdam, for giving me the first opportunity 
to work at the Agricultural Research Center.  I can honestly say that without her 
help and input I would not be where I am right now.  I also have to give a big 
thanks to Dave Forrester and everybody at the Lewiston Ag Research Farm, 
without their help none of this would be possible.  And I would also like to thank 
the other graduate students that I have collaborated with along the way.   
 vii 
And last but certainly not least I have to express my deepest gratitude to 
my family for supporting me in everything that I do, especially my parents for 
teaching me to work hard and always believing in myself.  I am so grateful for my 
wife and for her love, support, and encouragement along the way.  Without them 
none of this would have been possible.  
Brody Maughan 
 viii 
For my family
 ix 
CONTENTS 
 Page 
ABSTRACT ................................................................................................................ iii 
PUBLIC ABSTRACT...................................................................................................v 
ACKNOWLEDGMENTS........................................................................................... vi 
DEDICATION .......................................................................................................... viii 
LIST OF TABLES ........................................................................................................x 
LIST OF FIGURES..................................................................................................... xi 
INTRODUCTION.........................................................................................................1 
MATERIALS AND METHODS ..................................................................................8 
RESULTS....................................................................................................................14 
DISCUSSION .............................................................................................................34 
CONCLUSIONS .........................................................................................................42 
REFERENCES............................................................................................................44 
APPENDICES.............................................................................................................55 
 x 
LIST OF TABLES 
Table Page 
1. Yield of forages during the study 2010.....................................................19 
2. Yield of forages during the study 2012.....................................................21 
 xi 
LIST OF FIGURES 
Figure Page 
1. Experimental design for the study ..............................................................9 
2. Concentrations of crude protein (CP), Neutral detergent fiber (NDF), and 
acid detergent fiber (ADF) in 2010 (A,B,C) and in 2012 (D,E,F)............16 
 
3. Concentrations of tannins and saponins in 2010 and 2012.......................17 
 
4. Total grazing events (as a percent of total scans) for cattle allowed to 
strip-graze every day a choice of tall fescue, alfalfa and alfalfa-fescue mix 
(ALF) or tall fescue, sainfoin, and sainfoin-fescue mix (SAN). Their 
preferences for the different forages were monitored using scan sampling. 
Animals grazed during 3 periods A) 2010 (Period 1: from May 20 to June 
21, Period 2: From July 8 to August 5, and Period 3 from August 17 to 
September 7), and B) 2012 (Period 1: from June 4 to July 9, Period 2: 
From July 23 to August 22, and Period 3 from August 30 to September 
13) .............................................................................................................23 
 
5. Daily grazing events for cattle that strip-grazed every day a choice of tall 
fescue, alfalfa and alfalfa-fescue mix (ALF) or tall fescue, sainfoin, and 
sainfoin-fescue mix (SAN). I recorded their preferences for the different 
forages using scan sampling (represented as a percent of total grazing 
scans). Animals grazed during three grazing periods 2010 (A,B,C) 
(Period 1: from May 20 to June 21, Period 2: From July 8 to August 5, 
and Period 3 from August 17 to September 7), and 2012 (A,B,C) (Period 
1: from June 4 to July 9, Period 2: From July 23 to August 22, and Period 
3 from August 30 to September 13)..........................................................27 
 
6. 2010 Short-term grazing events during the 2-h scan sampling period 
broken up into 10-min. intervals when cattle had a choice of tall fescue 
(A), legume (B) and a mix (C) of legume-fescue (Mix) (represented as a 
percent of total grazing scans). Cattle strip-grazed every day a choice of 
tall fescue, alfalfa and alfalfa-fescue mix (ALF) or tall fescue, sainfoin, 
and sainfoin-fescue mix (SAN). I determined their preferences for the 
different forages using scan sampling. Animals grazed during 3 periods 
(Period 1: from May 20 to June 21, Period 2: From July 8 to August 5, 
and Period 3 from August 17 to September 7...........................................28 
 
7. 2012 Short-term grazing events during the 2-h scan sampling period 
broken up into 10-min. intervals when cattle had a choice of tall fescue 
(A), legume (B) and a mix (C) of legume-fescue (Mix) (represented as a 
percent of total grazing scans). (Period 1: from June 4 to July 9, Period 2: 
 xii 
From July 23 to August 22, and Period 3 from August 30 to September 
13) .............................................................................................................29 
 
8. Estimated amounts of legumes, fescue, a mix of legume-fescue (mixture), 
and total amount of forage (legume + fescue + mix) removed from the 
pastures/animal (Intake) using a Rising Plate Meter (RPM).  Cattle strip-
grazed every day a choice of tall fescue, alfalfa and alfalfa-fescue mix 
(ALF) or tall fescue, sainfoin, and sainfoin-fescue mix (SAN). I 
determined their preferences for the different forages using scan 
sampling. Animals grazed during 3 periods in 2010 (Period 1: from May 
20 to June 21, Period 2: From July 8 to August 5, and Period 3 from 
August 17 to September 7). 2012 (Period 1: from June 4 to July 9, Period 
2: From July 23 to August 22, and Period 3 from August 30 to September 
13) .............................................................................................................31 
 
9. Estimated amounts of legumes, fescue, a mix of legume-fescue (mixture), 
and total amount of forage (legume + fescue + mix) removed from the 
pastures/animal (Intake) using a Rising Plate Meter (RPM).  2012 (Period 
1: from June 4 to July 9, Period 2: From July 23 to August 22, and Period 
3 from August 30 to September 13)..........................................................32 
 
INTRODUCTION 
 Livestock production systems have emphasized low diversity of high-
producing forage species dependent upon costly fossil-fuel inputs. Nevertheless, 
nature is diverse, and diverse plant communities enable herbivores to meet needs 
for nutrients and health. In addition to primary compounds (nutrients) plants 
contain secondary (pharmaceuticals; bioactive) compounds (SC) which can 
provide multiple services vital for agroecosystems (Craig, 1999; Engel, 2002; 
Crozier et al., 2006). 
 Despite the benefits of food diversity, livestock production systems have 
not valued diversity to the full extent of its potential, as evident in the persistent 
attempts to simplify ecological systems to maximize yields of crops and pastures 
(Provenza et al., 2007). Planting low-diversity, high-producing forages requires a 
reduction in the concentrations of SC because SC limit how much forage 
livestock can consume in monocultures (Provenza et al., 2003; Provenza, 2008). 
The outcome is energy- and protein-rich monocultures of plants low in SC (Johns, 
1994). This approach severely restricts the potential for grazing animals to take 
advantage of the nutritive and pharmaceutical effects of SC. Low concentrations 
of SC make plants and animals more susceptible to environmental stressors (Asay 
et al., 2001; Crozier et al., 2006). To solve this problem, producers have resorted 
to costly fossil-fuel-based fertilizers, pesticides, and insecticides to grow and 
protect plants in monocultures; antibiotics and anthelmintics to maintain the 
health of herbivores grazing those monocultures; and nutritional supplements and 
pharmaceuticals to sustain the well-being of humans (Provenza et al., 2007). 
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Secondary compounds are a vital part of a plant's defense system. Relying on SC, 
rather than pesticides, virtually eliminates dietary risks due to pesticides (Halweil, 
2007).  
 Many plants contain SC that at too high concentrations limit how much of 
any food an herbivore can eat. However, SC ingested at low doses may provide 
herbivores with health benefits (Craig, 1999; Engel, 2002; Provenza et al., 2003). 
Tannins, for instance, are increasingly recognized as important in health and 
nutrition, although several years ago they were viewed primarily as plant defenses 
that reduced herbivory (Rhoades, 1979). However, eating plants high in tannins is 
a way for herbivores to reduce internal parasites (Min and Hart, 2003), and 
tannins alleviate bloat by binding to proteins in the rumen (Waghorn, 1990). By 
making protein unavailable for digestion and absorption until it reaches the more 
acidic abomasum, some tannins also enhance nutrition by providing high-quality 
protein to the small intestines (Barry et al., 2001). This high-quality-bypass 
protein enhances immune responses and increases resistance to gastrointestinal 
nematodes (Niezen et al., 2002; Min et al., 2004). The resulting increase in 
essential and branched-chain amino acids also improves reproductive efficiency 
in sheep (Min et al., 2001). Tannins in the diet also reduce methane emission in 
ruminants (Woodward et al., 2004), an important issue with regard to ongoing 
efforts to diminish the influence of livestock on global warming. Finally, 
ingestion of tannin-containing rations and forages by herbivores can improve the 
color and quality of meat for human consumption (Priolo et al., 2005; 2009; 
Luciano et al., 2008). In addition to tannins, a diversity of SC in the diets of 
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herbivores are likely to influence the flavor, color, and quality of meat, milk, and 
cheese for human consumption, often in ways that are positive, but as yet mostly 
unknown (Carpino et al., 2004a,b; Vasta et al., 2008).  
 In addition to their effects on consumers, SC have important roles in the 
health of plants. They include functions as diverse as attracting pollinators and 
seed dispersers, helping plants recover from injury, protecting plants from 
ultraviolet radiation, and defending plants against diseases, pathogens, and 
herbivores including various insect and bird pests (Rosenthal and Janzen, 1979; 
Rosenthal and Berenbaum, 1992).  
 Since SC protect plants against herbivory, herbivores regulate intake of 
SC to ingest adequate levels of nutrients and avoid toxicosis, and combinations of 
SC may more effectively reduce bloat and internal parasites, especially if animals 
learn to self-medicate (Villalba et al., 2006). Eating a variety of foods is the best 
way to accomplish such regulatory processes, as different SC are processed at 
different rates via different metabolic pathways, thereby providing multiple 
benefits and avenues for detoxification (Freeland and Janzen, 1974; Provenza et 
al., 2003). Diversity is so important that animals have built-in mechanisms to 
ensure that they eat a variety of foods and forage in different locations (Provenza, 
1996; Bailey and Provenza, 2008). Finally, offering choices enables individual 
animals to meet needs for nutrients and regulate intake of SC by mixing foods in 
ways that work for them (Provenza, 2003a,b; Provenza et al., 2003). Conversely, 
monocultures of plants high in SC can detrimentally affect herbivores (Provenza 
et al., 2007).  
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Secondary Compounds, Diversity and the Future of Agriculture 
 While global demand for fossil fuels is increasing, their cost is likely to 
escalate, and their availability is likely to decline during this century, and the 
deficits probably won’t be alleviated by alternative sources of energy (Kunstler 
2005). Nevertheless, this apparent problem will create opportunities for 
communities to benefit from foods that can be produced locally in ways that 
nurture relationships among soil, water, plants, herbivores and people (Provenza, 
2008). Agriculture will likely rely more heavily on local products, but it will be 
likely less dependent upon fossil fuel inputs, from transportation, machinery and 
fertilizers, to antibiotics and anthelmintics. 
 Rather, from soil and plants to herbivores people will have to learn once 
again what it means to be locally adapted to the landscapes they inhabit 
(Provenza, 2008). In the process, plants will become more important as nutrition 
centers and pharmacies. There also will be a need, as in times past before the 
heavy reliance on fossil fuels, to produce livestock in ways that match seasonally 
available forages with production needs and/or in ways that match animals to 
local landscapes. This will mean reducing inputs of fossil fuels directly and 
indirectly by eliminating grain from ruminant diets and by reducing agricultural 
chemicals from farming practices. That creates opportunities to increase 
profitability by matching animal needs to forage resources, selecting animals 
adapted anatomically, physiologically, and behaviorally to local environments, 
culling animals unable to reproduce with minimal help from humans, and creating 
grazing systems that enhance the well-being of soil, plants, herbivores and people. 
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These issues all relate directly to growing concerns about energy independence, 
the physical and financial costs associated with the health-care crisis, and climate 
change. 
 
Using Secondary Compounds in Beneficial Ways 
 Tall fescue is one of the most abundant forages in the United States, but 
the endophyte Neotyphodium coenophialum infects most tall fescue pastures 
(about 90% in the US), producing ergot alkaloids that constrain food intake and 
induce fescue toxicosis in livestock (Bacon and Siegel, 1988; Porter, 1995). Tall 
fescue also contains a group of alkaloids inherently associated with the plant 
(Burrows and Tyrl, 2001). These alkaloids include perlolidine and perloline, 
which have negative effects on ruminal fermentation. 
 Plants that contain saponins or tannins can reduce the negative effects of 
ergot alkaloids on intake and performance. For instance, lambs that receive 
intraruminal infusions of tannins increase their preference for endophyte-infected 
tall fescue (Lisonbee, 2008). Tannins and saponins evidently bind with alkaloids 
reducing their adverse effects on forage intake (Okuda et al., 1982; Lyman et al., 
2008). Thus, diverse pastures could alleviate the negative effects of high 
concentrations of secondary compounds and at the same time offer animals a 
broader array of primary and secondary compounds which can improve their 
nutrition, health and welfare. 
 
Hypothesis and Objectives 
 The objectives of my study were to (a) determine if the type of legume in 
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the mixure – tall fescue with either tannin-containing sainfoin or saponin-
containing alfalfa − affects cattle preferences for these forages, (b) evaluate how 
readily fall-born calves reach finish body condition on these grass-legume 
pastures and (c) determine the effects of sainfoin/tall fescue versus alfalfa/tall 
fescue pasture on meat quality and consumer acceptance. To do so, I monitored 
foraging behavior, pasture biomass removed after grazing, and body weight of 
cattle strip-grazing 3 spatial replications of 2 groups (animals grazing tall fescue 
growing with either sainfoin or alfalfa) applied randomly in strips (fescue, legume 
or fescue-legume mixture).  
 I hypothesized that cattle grazing chemically and taxonomically different 
plant mixtures would learn to build a diverse diet that would influence their 
performance, as well as the quality and acceptance of their meat products. While 
my project used only a few forage species, by starting with a simplified model 
system, I hoped to illustrate relationships involved in more complex mixtures of 
plants. The species I used contained two major classes of SC: 1) flavonoids and 
allied phenolic and polyphenolic compounds (tannins in sainfoin), and 2) 
terpenoids (saponins in alfalfa), By appreciating the potential of SC and forage 
mixtures for animal performance and behavior, even in these simple systems, I 
explored the potential of plant diversity to create grazing systems with less 
reliance on agricultural chemicals. 
 
Expected Benefits 
 Completion of this research will enable us to better understand how 
livestock behave and perform on pasture mixtures, some containing secondary 
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compounds. This will better enable rangeland managers and agricultural 
producers to create systems of management that involve little human input with 
lower reliance on expensive fossil fuels and their derivatives. 
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MATERIALS AND METHODS 
 I determined the foraging behavior and performance of cattle offered a 
choice of a grass (tall fescue) and a secondary compound-containing legume 
(alfalfa-saponins or sainfoin-tannins). The study was conducted at the Utah State 
University pasture research facility in Lewiston, Utah [41 56’ N 111 52’W] 
according to procedures approved by the Utah State University Institutional 
Animal Care and Use Committee (approval # 1424).  
 
Pasture Design 
 Three blocks, each 9 acres in size, were established at the research facility 
in spring of 2009. Each block was divided into two 4.5-acre plots, one seeded 
with tall fescue (Schedonorus arundinaceus variety Kentucky-31) and alfalfa 
(Medicago sativa variety Vernal) high in saponins (Pedersen et al., 1976), and the 
other with tall fescue and sainfoin (Onobrychis viciifolia variety Shoshone) high 
in tannins (Hedqvist et al., 2000; Terrill et al., 1992).Tall fescue is a ubiquitous 
cool-season grass, crucial in livestock production. Legumes such as sainfoin, 
trefoil, and alfalfa also have application in pastures due to their high nutritive 
value, nitrogen-fixing capabilities, and complementary root profiles.  
 Within a plot, there were three 1.5 acre strips approximately 30.5 m wide 
x 132.6 m long seeded with fescue, legume, and fescue-legume combinations. 
Thus, for each plot, cattle had a choice of fescue, legume, and a fescue-legume 
mixture (Figure 1): Fescue-alfalfa-mix (Treatment ALF); fescue-sainfoin- mix 
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(Treatment SAN), and there were 3 spatial replications for each treatment. The 
perimeters of the experimental plots were fenced using t-posts and electric fence.   
 
 
Sainfoin 
 
Sainfoin – 
Tall Fescue 
Mixture 
 
 
Tall Fescue 
 
 
Alfalfa 
 
Alfalfa –  
Tall Fescue 
Mixture 
 
 
Tall Fescue 
 
Figure 1. Experimental design for the study 
 
Grazing Trials 
 Pastures were grazed from May 20 through September 7, 2010 with 12 
fall-born Angus calves/treatment/plot and from June 4 through September 13, 
2012 with 8 fall-born Angus calves/treatment/plot. The calves averaged 384 and 
353 Kg +/- 1.7 Kg of initial BW in 2010 and 2012, respectively.  Animals strip-
grazed pastures with temporary electric fences moved daily to allow access to 
fresh forage. Animals had free access to the grass, legume and grass-legume mix 
each day.   Plant DM availability in each paddock was assessed once a week by 
taking 15 random readings of a 0.1089-m2 rising plate meter (Scrivner et al., 
1986). Throughout the study animals had free access to water and mineral 
supplements.   
 To allow plants to re-grow after being grazed, I put another temporary 
electric fence behind the calves so animals were kept away from areas they grazed 
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on previous days. This allowed me to move the calves back to the same areas they 
grazed initially once they reached the final section of each plot. Pastures were in 
the vegetative stage of growth at a height of 25-35cm and all plots provided ad 
libitum forage to cattle. The electric fence was moved daily in order to provide 
approximately 120% of the total forage animals consumed on the previous day. 
There were three grazing periods in 2010 (Period 1: from May 20 to June 21, 
Period 2: From July 8 to August 5, and Period 3 from August 17 to September 7), 
and three grazing periods in 2012 (Period 1: from June 4 to July 9, Period 2: From 
July 23 to August 22, and Period 3: from August 30 to September 13).  Between 
periods animals grazed on an overflow pasture of endophyte-free tall fescue, until 
forages were ready to graze again. Calves were weighed at the beginning and end 
of each period and they were restricted of feed and water from 1700 until the next 
morning when they were weighed at 0800.   
 Due to the low availability of forage by the end of the study (end of Period 
2), 4 animals/treatment/plot were removed from the study in 2010. Animals were 
selected at random with the restriction that animals observed during the scan 
sampling sessions remained in the study. Thus, for the last period of the study in 
2010 (Period 3), 8 calves/treatment/plot strip-grazed the experimental pastures. 
 
Scan Sampling 
 Three mornings each week, after the calves had been given their daily 
access to fresh forage, we observed their foraging behavior.  One observer, 
assigned to each replication, recorded grazing patterns for 4 ear-marked calves in 
each treatment.  Calves were differentially marked using 4 different colored ear 
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tags.  The foraging behavior of calves was recorded by an observer from a 3-m 
high observation tower adjacent to each experimental block. 
 We used scan sampling (Altman, 1974), at 5-min intervals from 0730 to 
0930, to assess the incidence of feeding on each of the forage species and bouts of 
inactivity. Frequency of feeding on each species was calculated as a percentage of 
the total number of scans in which animals were feeding. The total number of 
scans of grazing events and non-grazing events (bouts of inactivity such as not 
eating, fighting, resting, and searching) were also recorded. Groups of cattle 
normally grazed together (> 95% of the time) on the same plant species. If 
individuals were performing different behaviors each behavior was recorded for 
each individual. 
 
Estimated Daily Intake 
 A rising plate meter (RPM) was used to estimate the amount of forage that 
was removed from the pastures by the calves.  Once a week RPM recordings were 
taken in for each of the forages in each of the pastures so that I could compare  
biomass estimates before and after grazing.  Thus, I took pre- and post-grazing 
samples from the area the calves had grazed the previous day.  Calibration 
samples were cut, oven-dried (60 oC) for 2 d and then weighed to determine the 
dry matter (DM) content of each forage.  The dry matter of RPM calibration 
samples was regressed on corresponding RPM readings to develop a linear 
regression equation for alfalfa, sainfoin, tall fescue, tall fescue-alfalfa mixtures, 
and tall fescue-sainfoin mixtures. Pre- and post-grazing pasture DM readings 
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were predicted from these equations, and DM removed by the animals on a given 
day was calculated as the difference between pre- and post-grazing pasture DM. 
 
Chemical Analyses 
 Rising plate meter calibration samples dried at 60 °C were also used to 
determine the chemical composition of the forages in each pasture.  Samples were 
ground using a Wiley Mill with a 1-mm screen, and analyzed for: 1) crude protein 
(CP), 2) neutral detergent fiber (NDF), and 3) acid detergent fiber (ADF) using 
NIR (AOAC, 1990).  
 I also analyzed forages for condensed tannins (sainfoin, Terrill et al., 
1992), ergovaline (tall fescue, Rottinghaus et al., 1991), and saponin (alfalfa, Lee 
et al., 2001). Fresh forage samples (random plants along a paced transect across 
each pasture) were hand-harvested, placed in plastic bags, covered with dry ice 
immediately after harvest and transported to a freezer at -20 oC until they were 
freeze dried, and ground through a Wiley mill with a 1-mm screen prior to  
analysis. 
 
Statistical Analyses 
 Data were analyzed as a repeated measure design applied to 2 treatments: 
fescue-alfalfa-mix (Treatment ALF); fescue-sainfoin- mix (Treatment SAN) 
nested within spatial replications (n=3 replicates (grazing groups) for each 
pasture, with 8 cattle/grazing group in each pasture type (alfalfa or sanfoin, giving 
a total of 24 cattle on each pasture type at the end of the summer grazing period; 
48 total cattle on grazing tests). The response variables were percentage of scans 
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recorded on each species relative to the total number of grazing events, and scans 
recorded as total grazing events.  
 Average daily gains (ADG) ([BW at the beginning of the period
 
– BW at 
the end of the period,]/number of days the period) for each of the 3 grazing 
periods were analyzed as repeated measure design applied to two treatments: 
fescue-alfalfa-mix (Treatment ALF); fescue-sainfoin- mix (Treatment SAN) 
nested within animals.  
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RESULTS 
Chemical Composition of the Forages 
 Chemical Composition - 2010. Concentrations of NDF and ADF in 
sainfoin increased from May 26 to June 16 (Figure 2A).  After that time, they 
decreased until the end of the trial (time effect; P = 0.0001).  Concentration of CP 
for sainfoin was highest at the beginning of the trial and decreased to its lowest 
levels on July 14, and then increased until the end of the trial (time effect; P = 
0.0061).  
 Like sainfoin, concentrations of NDF and ADF for alfalfa increased from 
the beginning of the trial until June 16, and then  decreased  until the end of the 
trial, with the exception of a slight increase on July 28 (time effect; P = 0.0002 
and 0.0001 for NDF and ADF, respectively). Concentrations of CP decreased 
from the beginning of the trial to June 16 and then steadily increased until the end 
of the study (time effect; P = 0.0003; Figure 2B).   
 Concentrations of NDF and ADF in TF fluctuated throughout the trial 
(time effect; P = 0.0057 for NDF and 0.0025 for ADF). Concentrations of CP 
generally decreased from the beginning of the trial until June 16, remained steady 
from then until August 20, and then increased until the end of the trial (time 
effect; P = 0.1445; Figure 2C). 
 Concentrations of tannins in sainfoin did not differ throughout the summer 
(4.8% to 7.7%; time effect P = 0.3617).  Saponin concentrations in alfalfa 
increased from May to the end of the trial with values ranging from 0.4 to 0.8% 
(time effect; P = 0.0841; Figure 3). There was no ergovaline detected in TF.   
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 Chemical Composition - 2012.  Fiber and CP concentration of sainfoin are 
presented in Figure 2D.  Concentrations of NDF and ADF in sainfoin fluctuated 
throughout the trial but no time effect was detected (P = 0.1654 and 0.3533 for 
NDF and ADF, respectively).  Likewise, no differences in concentration of CP 
were detected throughout the trial (time effect; P = 0.3863).  
 Concentrations of NDF and ADF for alfalfa increased from the beginning 
of the trial until July 3, then they decreased until July 25, and then concentrations 
gradually increased until the end of the trial (time effect; P = 0.0845 and 0.0775 
for NDF and ADF, respectively). Concentrations of CP decreased from the 
beginning of the trial to July 3.  After that period they increased until July 25 
reaching their highest level, decreasing again toward the end of the trial (time 
effect; P = 0.007; Figure 2E).   
 Concentrations of NDF and ADF for tall fescue remained fairly stable 
throughout the trial except for September 5 where they reached their lowest levels 
(time effect; P = 0.0035, and 0.0043 for NDF and ADF, respectively). 
Concentrations of CP reached their lowest values during July 3 and then increased 
toward the end of the trial (time effect; P = 0.0066; Figure 2F). 
 Tannin concentrations in sainfoin declined toward the end of the trial 
(September) from values close to 8% to 3% (time effect; P = 0.0085). Saponin 
concentrations in alfalfa declined after the first month of the trial from 0.9 to 0.3% 
(time effect; P = 0.0583; Figure 3). No ergovaline was detected in TF. 
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Figure 2. Concentrations of crude protein (CP), Neutral detergent fiber (NDF), 
and acid detergent fiber (ADF) in 2010 (A, B, C) and 2012 (D, E, F). 
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Figure 3. Concentrations of tannins in sainfoin and saponins in alfalfa in 2010 and 
2012. 
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Forage Availability 
 Forage Availability – 2010.  Alfalfa biomass increased by 120% and by 
74% from the beginning to the end of Periods 1 and 2, respectively (Table 1). DM 
availability in Period 3 was fairly stable. The DM of alfalfa-tall fescue mix 
increased by 50% from the beginning to the end of Period 1 and then remained 
fairly stable for the rest of the periods. 
 Sainfoin biomass increased by 170% from the beginning to the end of 
Period 1 (Table 1).  Conversely, DM availability of sainfoin decreased 
substantially from the beginning to the end of both Periods 2 and 3.  The DM of 
the sainfoin-fescue mix increased by 30% from the beginning to the end of Period 
1 and decreased slightly from the beginning to the end of Periods 2 and 3.   
 DM availabilities of fescue increased during Period 1 for both treatments, 
and then declined for Periods 2 (SAN and ALF treatment) and 3 (SAN and 
treatment) (Table 1). 
 Legume DM availability was greater for sainfoin than for alfalfa in Period 
1 and the beginning of Period 2. The pattern reversed by the end of Period 3. 
Fescue DM availability was greater with SAN than with ALF for Period 1, and 
then the pattern reversed by the end of Period 3.  
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Table 1.                                        Dry Matter Availability 2010 
Period 
                                          1                                              2                                                3 
                          20 May        21 Jun                  8 July         5 Aug                    17 Aug        7 Sep 
 ALF Treatment 
Pre-grazing Biomass (tons/ha) 
 Legume       20.2±0.6       43.7±4.6           18.9±0.8       32.9±2.5            19.6±2.5          18.4±1.8 
 Mix               34.5±2.7       51.4±3.5          35.2±3.2       34.1±2.0            24.5±2.4          26.4±1.2 
Fescue          33.0±3.5       46.9±8.2          34.9±7.3       30.4±2.4            24.4±3.4          24.4±1.5 
Post-grazing Biomass (tons/ha) 
Legume        7.8±2.2          15.0±2.8          8.8±2.8          11.2±2.5            9.7±2.2            8.2±2.6 
 Mix              20.5±3.1        35.5±2.0          21.4±3.0        20.5±2.0           19.9±3.5          18.7±2.2 
Fescue         20.5±3.1        39.4±7.7           23.4±3.6       20.7±1.9            19.5±1.8          18.2±2.6 
 
SAN Treatment 
Pre-grazing Biomass (tons/ha) 
Legume       29.9±5.4         81.1±10.1       43.6±8.3        29.0±4.0           19.5±2.5          7.4±2.6 
Mix               40.0±0.5         52.3±7.6        31.6±2.6         28.4±3.9           22.4±1.5          17.1±0.4  
Fescue         37.1±3.4         50.5±7.6         34.7±3.0        28.0±3.1           24.1±1.2          17.1±0.6 
Post-grazing Biomass (tons/ha) 
Legume       6.6±1.2          10.7±0.7           9.4±0.8          6.1±1.1             7.3±0.5            3.5±1.2 
Mix              8.5±2.4          30.8±0.7           20.8±2.7        12.9±0.6           16.5±0.2          12.0±0.6 
Fescue        17.6±3.1        36.6±2.9           20.0±1.9        14.8±0.9           15.5±2.0          15.8±0.8 
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 Forage Availability – 2012.  Estimated pasture biomass before and after 
grazing is given in Table 2.  Alfalfa DM availability increased by 46% from the 
beginning to the end of Period 1, and decreased slightly from the beginning to the 
end of Periods 2 and 3.  The herbage DM of the alfalfa-tall fescue mix increased 
by 39% from the beginning to the end of Period 2 and then it remained fairly 
stable for the rest of the periods.  
 The DM availability of sainfoin increased by 81% and 60% from the 
beginning to the end of Periods 1 and 2.  Conversely, the DM of sainfoin 
decreased by 25% from the beginning to the end of Period 3.  The DM availability 
of the sainfoin-tall fescue mix remained fairly stable from the beginning to the 
end of each period. 
 DM availabilities of tall fescue decreased through Period 1, increased for 
Period 2, and then it decreased for the SAN treatment while remaining fairly 
stable for the ALF treatment during Period 3. 
 Legume DM availabilities were greater for sainfoin than for alfalfa in 
Period 1 and by the end of Period 2; the pattern reversed for Period 3.  Tall fescue 
DM availability was similar in SAN and ALF treatments for Period 1, and greater 
in ALF than in SAN for Periods 2 and 3.   
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 Table 2.                                     Dry Matter Availability 2012 
 
Period 
                                        1                                          2                                            3 
                          4 Jun             9 Jul               23 July      22 Aug                30 Aug     13 Sep 
ALF Treatment 
Pre-grazing Biomass (tons/ha) 
Legume         43.5±0.3    63.2±2.6          47.1±4.2      42.6±3.8           45.7±3.3      41.9±1.2 
Mix                32.8±2.8     34.1±2.1         23.0±3.1       32.4±0.5          30.4±3.4       30.6±4.1 
Fescue           36.9±4.4     29.8±4.2         25.3±2.8      33.9±2.0           32.6±3.3      33.0±2.5 
Post-grazing Biomass (tons/ha) 
Legume          22.6±3.7     18.6±3.1        12.3±2.9      15.9±1.6          14.7±2.8       14.1±3.0 
Mix                 27.0±2.6     28.5±1.5         22.1±3.4     25.0±2.1           22.0±4.3       21.1±4.6 
Fescue           30.2±2.1     25.8±2.7         21.6±1.5     22.7±2.5           25.5±3.2       22.9±3.4 
 
SAN Treatment 
Pre-grazing Biomass (tons/ha) 
Legume        59.3±9.3      107.3±1.1       39.8±4.3     63.9±1.5           35.5±6.7      27.1±5.4 
Mix               31.5±1.9       34.3±5.0         22.7±2.0     30.3±1.8           27.1±1.7      28.6±1.3  
Fescue         36.7±3.5        32.8±3            22.1±1.3     29.4±0.5           28.5±3.2      25.5±1.8 
Post-grazing Biomass (tons/ha) 
Legume       14.7±1.5        21.8±2.5        13.1±0.4      12.3±1.9           10.2±0.9      10.5±0.6 
Mix              24.5±1.7         24.0±2.6        16.1±0.5      20.0±1.4          20.4±1.6      20.7±3.0 
Fescue        27.6±1.9         24.3±0.5        16.0±1.4      19.9±0.3           18.7±2.6       19.0±1.1 
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Scan Sampling 
 Total Grazing Events - 2010.  Averaged across days, the incidence of 
grazing was greater for animals in SAN than in ALF (90 vs 82 ± 2 scans /120 
min; P = 0.0313). This effect was due to differences between treatments observed 
from May 25  to June 3 (Period 1), July 14 to July 26 (Period 2) and from August 
19 until the end of the study (Period 3), which caused a treatment x date 
interaction (P = 0.007; Figure 4). 
 Total Grazing Events – 2012.  As with 2010, averaged across days animals 
on the SAN treatment  had more scans on total grazing events than animals on the 
ALF treatment (90 vs. 78 ± 2% scans /120 min/32 days; P = 0.0058). This effect 
was mainly due to differences between treatments observed during Period 1, 
beginning of Period 2, and the majority of Period 3 (treatment x date interaction; 
P = 0.001; Figure 4).   
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Figure 4. Total grazing events (as a percent of total scans) for cattle allowed to 
strip-graze every day a choice of tall fescue, alfalfa and alfalfa-fescue mix (ALF) 
or tall fescue, sainfoin, and sainfoin-fescue mix (SAN). Their preferences for the 
different forages were monitored using scan sampling. A) 2010 B) 2012. 
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Legume Use - 2010.  Animals spent the majority of the daily 2-h sessions grazing 
legumes (25 to 70% of scans).  Use of legumes was low at the beginning of the 
trial, but as time progressed, the number of scans in both SAN and ALF 
treatments increased (Date effect; P= 0.0001; Figure 5A).  
 Differences in legume use between treatments occurred From July 12 to 
July 30 (Period 2, Figure 5A), when there was a greater number of scans on 
sainfoin than on alfalfa (treatment x date; P = 0.0433; Figure 4). Averaged across 
days, cattle had 48% vs. 42% of scans grazing sainfoin and alfalfa, respectively (P 
= 0.3219).  
 Use of legumes during the 2-h grazing period  is in Figure 6a.  Overall, 
scans on legumes decreased across periods (time effect; P = 0.0001), and they 
were greater during Periods 2 and 3 than during Period 1 (Period effect; P = 
0.0036).  No differences were detected between treatments during the different 
time intervals (P = 0.4530; Figure 6). 
 Legume Use - 2012.  As for 2010, animals spent the majority of the daily 
2-h sessions grazing legumes (45 – 95% of scans recorded; Figure 5D).  There 
were differences in legume use between treatments, as a greater number of scans 
was recorded on the SAN than the ALF treatment (85 vs. 72 ± 3%; P = 0.0442). 
These differences occurred in Period 1 and during the first half of Period 2 
(Treatment x date; P = 0.0001; Figure 5D).  Use of legumes was lower for Period 
1 than for the rest of the periods.  Use of legumes increased with time (Date 
effect; P < 0.0001; Figure 5D). 
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Use of legumes during the 2-h grazing period is in Figure 7.  Overall, scans on 
legumes decreased across the 2-h observation period (time effect; P < 0.0001), 
and they were greater during Periods 2 and 3 than during Period 1 (Period effect; 
P < 0.0001).   
 Tall Fescue Use - 2010.  Cattle from both the ALF and SAN treatments 
displayed the lowest number of scans on TF with no differences between 
treatments (P = 0.5578; Figure 4). However, there was a treatment x date 
interaction (P = 0.0139) as scans on tall fescue were greater for SAN than for 
ALF treatment for some days -- June 4, 13, 21 (Period 1) July 12 (Period 2) and 
Sept. 3 (Period 3) (Figure 5B).  
 Use of tall fescue was low initially and then gradually increased to highest 
values at the end of the observation interval (time effect; P = 0.0005; Figure 6). 
No differences were detected between treatments (treatment; P = 0.7024; 
treatment x date; P = 0.9647). 
 Tall Fescue Use - 2012.  Tall fescue use for both treatments declined from 
Period 1 to Periods 2 and 3 (Date effect; P < 0.0001; Figure 5b) and there was a 
trend for greater use of tall fescue in the ALF than in the SAN treatment (15 vs. 8 
± 3% scans /120 min/32 days; P = 0.1533; Figure 5E).  This overall trend was due 
to the greater number of scans on tall fescue recorded for the ALF than for the 
SAN treatment during Period 1 (treatment x date interaction; P < 0.0001; Figure 
5E).  
 Use of tall fescue started low and then they gradually increased towards 
the end of the 2-h observation interval (time effect; P < 0.0001; Figure 7). 
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 Legume-Tall Fescue Mix Use - 2010.  No differences in the use of the 
legume-fescue mix were observed between treatments (P = 0.5251; Figure 4). The 
use of the mix remained consistent throughout Period 1 and then fluctuated during 
Period 2 (Date effect; P = 0.0001). By the end of the trial, cattle in the SAN 
treatment tended to consume more mix than cattle in the ALF treatment 
(treatment x date P = 0.1785; Figure 5C). 
 Use remained fairly constant across time with a slight increase towards the 
end of the 2-h grazing session.  Scans were the lowest for the 0-15 min interval 
(Date effect; P = 0.0077; Figure 6).  
 Cattle used more mix during Period 1 than during Periods 2 and 3 (Period 
effect; P = 0.0013).  No differences were detected between treatments during the 
different time intervals (treatment; P = 0.2927; treatment x date; P = 0.8063; 
Figure 5C). 
 Legume-Tall Fescue Mix Use – 2012.  Cattle in the ALF treatment had 
more scans on the tall fescue-legume mix than animals in the SAN treatment (14 
vs. 7 ± 1%; P = 0.0156; Figure 5F). 
 Use of the legume-tall fescue mix during the 2-h grazing period remained 
fairly constant across time. However, fluctuations between treatments across time 
intervals caused a treatment x time interaction (P < 0.0001). Cattle used more mix 
during Period 1 than during Periods 2 and 3 (Period effect; P = 0.002; Figure 7). 
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Figure 5. Daily grazing events for cattle that strip-grazed every day a choice of 
tall fescue, alfalfa and alfalfa-fescue mix (ALF) or tall fescue, sainfoin, and 
sainfoin-fescue mix (SAN). Preferences for the different forages were assessed 
using scan sampling (represented as a percent of total grazing scans). 2010 
(A,B,C) and 2012 (D,E,F) 
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Figure 6.  2010 Short-term grazing events during the 2-h scan sampling period 
broken into 10-min. intervals when cattle had a choice of tall fescue (A), legume 
(B) and a mix of legume-fescue (C).   
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Figure 7. 2012 short-term grazing events during the 2-h scan sampling period 
broken into 10-min intervals when cattle had a choice of tall fescue (A), legume 
(B) and a mix of legume-fescue (C). 
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Pasture Intake 
 Pasture Intake – 2010.  The amount of legumes consumed, estimated as 
the difference between pre-grazing and post-grazing pastures DM, increased from 
the beginning of the trial until June 16 (Period 1). After that day intake declined 
until the end of the trial (Day effect; P = 0.0001; Figure 8).  Consistent with the 
scan data (Figure 5a), from June 2 to July 21 (Periods 1 and 2) animals used more 
sainfoin than alfalfa (Treatment x date; P = 0.0433). 
 Intake of tall fescue was similar between treatments throughout the trial.  
Cattle on the SAN treatment consumed numerically more TF than the ALF 
treatment on almost any given day but the difference was not significant (P = 
0.3258; Figure 8).  
 There were no differences in the amount of legume-TF mix consumed by 
animals (treatment effect; P = 0.6904; treatment x date; P = 0.7674; Figure 8). 
 Averaged across time, there were differences in total forage intake (5.41 
vs. 7.35 ± 0.53kg/animal for the ALF and SAN treatments, respectively; 
P<.0604). 
 Pasture Intake – 2012.  Intake of legumes increased across days during 
Period 1 (Day effect; P < 0.0001; Figure 9). Averaged for all days, legume intake 
was greater for the SAN than for the ALF treatment (8,934 vs. 6.536 ± 419 
g/animal; Treatment effect; P = 0.0156; Figure 9b). However, this pattern 
reversed for Period 3, which caused a treatment x day interaction (P = 0.0001; 
Figure 9). 
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 The ALF and SAN group ate similar amounts of tall fescue (1418 vs. 1425 
± 259 g/animal; Treatment effect; P = 0.9852; Figure 7b).  
 There were no differences in intake of the legume-TF mix between 
treatments (Treatment effect; P = 0.9858; treatment x day; P = 0.2402; Figure 9). 
 Averaged across time, animals in SAN ate more forage than the animals in 
ALF (11.7 vs. 9.3 ± .54 kg/animal; P = 0.0343). Cattle in the SAN treatment ate 
more forage than animals in ALF at the end of Periods 1 and 2, but the pattern 
reversed in Period 3 (treatment x day;  P = 0.0011; Figure 9). 
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Figure 8.  2010 Estimated amounts of legumes, fescue, a mix of legume-fescue 
(mixture), and total amount of forage (legume + fescue + mix) removed from the 
pastures/animal (Intake) using a Rising Plate Meter (RPM). 
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Figure 9.  2012 Estimated amounts of legumes, fescue, a mix of legume-fescue 
(mixture), and total amount of forage (legume + fescue + mix) removed from the 
pastures/animal (Intake) using a Rising Plate Meter (RPM). 
 33 
Average Daily Gains  
 Average Daily Gains – 2010.   .  Cattle in SAN and ALF both gained 1 
kg/day ± 0.05 from the beginning of the study May 20 to the end of the study 
September 7 (Treatment P = 0.9829). However, treatments differed for intake of 
forage/Kg of gain (5.8 vs. 7.6 ± 0.33 for ALF and SAN treatments, respectively; P 
= 0.0003). 
 Average daily Gains – 2012.  Cattle in SAN gained 1 kg/day ± 0.04 and 
cattle in ALF gained 0.98 kg/day ± 0.04 from the beginning of the study (June 4) 
to the end of the study (September 13) (Treatment P = 0.6944). Intake of 
forage/Kg of gain did not differ between treatments (10.9 vs. 11.9 ± 0.54 for ALF 
and SAN treatments, respectively; P = 0.1872). 
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DISCUSSION 
 I hypothesized that cattle grazing chemically and taxonomically different 
plant mixtures would learn to build a diverse diet that would influence their 
performance. No differences in performance were found between cattle grazing 
choices of tall fescue and alfalfa or sainfoin. Animals utilized sainfoin to a greater 
extent than alfalfa earlier in the season, when biomass of sainfoin was high. 
However, sainfoin productivity declined towards the end of the study and cattle 
utilized more alfalfa during this period. Cattle used a significant proportion of tall 
fescue and fescue-legume mix in their diets, even when legumes were of greater 
quality than these alternatives. This suggests animals tended to balance their 
intake of protein/energy by including a grass in their diet. 
 
Biomass Availability and Foraging Behavior 
 Greater DM availability of sainfoin than of alfalfa during Period 1 and 
beginning (2010) and end (2012) of Period 2 were in line with the greater number 
of scans recorded for cattle grazing sainfoin (SAN treatment) during both 2010 
and 2012. However, this pattern was likely driven not only by forage availability 
but also by forage quality. Biomass availability, the effort involved in gathering 
forage (Parsons and Dumont, 2003), and the quality of the forage (Edouard et al., 
2010) strongly influence selection. The effort of gathering tall fescue was likely 
greater than gathering legumes as leaf strength (influenced by plant fiber bundles) 
(MacAdam and Mayland, 2003). Ruminants not only perceive biomass 
availability and herbage intake as a reward (Distel et al., 1995), but they also form 
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preferences for foods that contain greater concentration of nutrients (Villalba and 
Provenza, 1999). In my study, cattle responded to an increase in the availability of 
the legume but not to an increase in fescue or mix availability likely due to 
differences in forage quality which overrode forage abundance. 
 During 2010, scans on TF were numerically greater for the SAN than for 
the ALF treatment, although differences were not significant.  The trend for 
greater use of fescue could be due to the greater DM availabilities of TF for the 
SAN treatment than for the ALF treatment at the beginning of the trial. For 
instance, sheep grazing a pasture that varied spatially in biomass tended to 
concentrate their grazing on areas with the highest yields (Arnold, 1987).  
 In 2012, scan data show animals in the ALF treatment grazed more TF 
than animals in the SAN treatment. This pattern suggests biomass availability, 
particularly during Periods 2 and 3, influenced tall fescue use. Alternatively, cattle 
could have reduced their preferences for alfalfa relative to sainfoin and thus 
increased their use of  TF in the ALF treatment. Alfalfa biomass availability 
warranted further consumption of alfalfa; at least to levels of use similar to those 
displayed by cattle grazing sainfoin, but that did not occur. It is possible that this 
response was driven by subclinical bloat induced by alfalfa which caused cattle to 
eat less legume and more TF than animals in the SAN treatment. Rapid release of 
soluble protein in rumen fluid produces a polysaccharide slime that traps rumen 
gases, which impairs eructation and increases intraruminal pressure (Clarke and 
Reid, 1974; Majak et al., 2003). Ruminants learn to avoid feeds that cause rumen 
distension (Villalba et al., 2009). 
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 In addition to bloat, the nutrient profile of legumes and the presence of 
tannins or saponins may have contributed to the differential consumption of 
legumes during 2010 and 2012.  Tannins in sainfoin can reduce CH4 emissions 
(Guglielmelli et al., 2011) and increase the efficiency of nutrient utilization 
(Broderick 1995). Sheep fed sainfoin have more non-ammonia nitrogen reaching 
the small intestine than similar forages without condensed tannins (Waghorn et 
al., 1987), resulting in an improved essential amino acid:energy ratio. Results 
from metabolic studies with sainfoin also show improved performance -- N 
retention, amino acid absorption, and protein: energy absorption -- compared to 
equivalent diets without condensed tannins (Waghorn, 1990). Tannins in sainfoin 
likely improved the utilization of nitrogen to a greater extent than saponins in 
alfalfa (Owens et al., 2012). Sainfoin added to an alfalfa diet reduces ruminal 
degradation of forage protein without affecting the digestibility of the non-protein 
fraction. In addition, protease activity, NH3-N, methane production, and the 
incidence of bloat decline as sainfoin increases in an alfalfa:sainfoin diet 
(McMahon et al., 1999).  
 Some suggest there is a boost in intake when grass is included in a clover 
pasture, presumably because grass allows animals to overcome some constraint to 
eating pure clover which is high in protein (Cosgrove et al., 2001; Champion et 
al., 2004). This constraint may involve the rate of release of ammonia from the 
soluble protein fraction of the forage, and subsequent uptake in the blood. By 
mixing grass with clover, animals are better able to increase the duration of the 
meal potentially reflecting a ‘‘better’’ dietary balance of energy to soluble protein 
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that controls the rate of accumulation of ammonia in rumen fluid (Hill et al., 
2009). By reducing the amount of ammonia in rumen fluid it is likely that tannins 
in sainfoin allowed for an increased consumption of the legume and thus a 
reduced ingestion of fescue by cattle relative to animals grazing ALF/TF. 
 Estimated intake data also shows that use of legumes was in line with 
legume dry matter availabilities for 2010 and 2012. The greatest intake of 
legumes occurred during Period 1 in both years, and cattle ate more sainfoin than 
alfalfa in both years. Greater DM availability of sainfoin, the quality of the 
legume, as mentioned above, or both may explain this difference. In contrast, by 
the end of Period 3 greater DM availabilities of alfalfa likely led to greater 
consumption of alfalfa than sainfoin for both years.  This reversal in forage 
availability and intake likely compensated for the greater intake of sainfoin at the 
beginning of the trial which let to similar ADG in both treatments. 
 In general, scan sampling revealed similar patterns of forage use relative 
to intake data, for instance, greater use of sainfoin than alfalfa, particularly during 
Periods 1 and 2, and greater use of legumes than TF or mix. This suggests that 2-h 
scan sampling during the beginning of the daily allowance of forage was 
representative of the biomass removed daily.  Nevertheless, during Period 3 of 
2012 intake for the ALF treatment increased for all forages. This increase was not 
observed for the scan data.   
 
Pattern of Forage Use during Scan Sampling 
 During both years, legume use decreased across the 2-h scanning session, 
TF use showed the opposite pattern, whereas no clear pattern emerged for the 
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mix.  The decline in legume use and increase in fescue use can be explained by 
the depletion of the most preferred forage (legume), which enticed animals to 
increase consumption of fescue, forage of lower nutritional value and preference. 
Thus, cattle traded-off the quantity and the quality of their food in ways that 
balanced nutrient intake and the amounts of feeds consumed (Edouard et al., 
2010).    
 In addition, eating a variety of SC can reduce susceptibility to toxicosis 
(Provenza, 1996), and the sequence in which SCs are ingested may also affect 
forage intake by animals (Provenza et al., 2003). Cattle graze more on forages 
containing alkaloids (reed canarygrass and tall fescue) when they are first allowed 
to graze legumes containing tannins (birdsfoot trefoil) and saponins (alfalfa) 
(Lyman et al., 2011). Likewise, sheep supplemented first with tannins or saponins 
increase ingestion of alkaloid-containing food (Owens et al., 2012).   Sheep fed 
food containing alkaloids (gramine or ergotamine) in combination with tannin- or 
saponin-containing foods eat more food with alkaloid than sheep offered only 
foods with gramine or ergotamine (Lyman et al., 2008). Sheep have a higher total 
intake when offered three foods that contain terpenes, tannins, and oxalates than 
when offered foods with only one or two of these SC (Villalba et al., 2004), and 
they eat more high-alkaloid endophyte-infected tall fescue after intraruminal 
infusions of tannins or saponins (Villalba et al., 2011). Sheep eat more food with 
terpenes when they first eat food with tannins (Mote et al., 2008). Shepherds in 
France strategically move their flocks within a sequential grazing rotation to 
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stimulate the appetites of livestock, thus increasing nutrition and production, and 
to best use of all plant species in a community (Meuret, 2010).  
 Use of legume for both years across the 2-h scanning sessions increased 
for Periods 2 and 3 relative to Period 1. Learning about the beneficial 
postingestive effects of the legumes likely explains this response. Experience with 
the post-ingestive effects of a forage enhances preferences (Provenza, 1995; 
1996). As animals gained experience with the nutritional composition of the 
legumes through time, their use of legumes increased.  In contrast, no changes in 
forage use across grazing periods were detected for fescue or for the legume-
fescue mix during 2010 or 2012. Consumption of the high-quality legumes likely 
led to a self-reinforcing pattern that enhanced subsequent preferences.  Sheep 
consuming flavored straw and receiving intra-ruminal infusions of starch 
substantially increase their preferences for that food across time, as animals learn 
about the positive post-ingestive effects of consuming the flavored straw (Villalba 
and Provenza, 1997).  
 At the beginning of the grazing session, cattle had ad libitum access to TF 
and alfalfa or sainfoin and the legume-grass mixture. In these conditions cattle 
could have eaten mainly the higher-quality legumes throughout the period, but 
they mixed the legumes with TF. There is circumstantial evidence to support the 
proposition that animals include some grass in their diet when they could eat all 
clover because a pure clover diet creates a rumen-based constraint to continued 
eating, resulting in shorter meals being taken per day compared to animals 
grazing choice or mixtures (Chapman et al., 2007). When monocultures of grass 
 40 
and clover are offered as a free choice in 50:50 area ratios, animal performance is 
no different than from a clover monoculture, even when clover is of higher 
nutritional quality than grass. Thus, all the benefits of clover are available when 
only half of the grazing area is sown as clover. These observations are in line with 
the satiety hypothesis (Provenza, 1996), which suggests animals overcome 
constraints to eating pure clover by adding grass to their diet. The challenge for 
grassland management is to present forage in ways that allow animals to meet 
their dietary preferences, while also allowing high rates of animal production per 
hectare (Chapman et al., 2007) 
 
Animal Production on Mixtures 
 Cattle reached slaughter weight on pasture (466 and 411kg for 2010 and 
2012). No differences were detected between treatments, but ADG (1 Kg/d) were 
consistent for both years. The greater intakes of legume in the SAN treatment did 
not lead to lower DM intake/gain in the SAN treatment during 2012. Rather, feed 
efficiency was lower for the SAN treatment during 2010. Reductions in sainfoin 
biomass toward the end of the study may explain this response. Alternatively, the 
negative impacts of high concentrations of tannins in body tissues by animals 
eating high amounts of sainfoin for long periods may also account for this effect. 
 Meat samples from alfalfa- vs. sainfoin-fed cattle during 2010 did not 
differ in color stability, resistance to browning (MRA), resistance to lipid 
oxidation (TBA), antioxidant capacity (FRAP), fatty acid composition, and 
volatile profile (Tansawat, 2012).   
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 The intensity of bitter, gamey, metallic, oxidized, roast beef, sour, sweet, 
and umami attributes reported in meat samples from alfalfa- vs. sainfoin-fed cattle 
during 2010 were similar to the ones reported by Maughan et al. (2012) for meat 
obtained from grass-fed cattle during 2010.  However, meat obtained from ALF- 
and SAN- fed animals was lower in astringent, barny, browned, grassy, livery, 
and higher in brothy, bloody, fatty, juicy, and salty compared to the previous 
study (Maughan et al., 2012).   
 As expected, consumer acceptability of these samples was also similar to 
the ones obtained by Maughan et al. (2012) with slightly higher levels of 
acceptance obtained in the ALF and SAN samples.  This slight higher 
acceptability of the ALF and SAN samples might be due to the lower ratings in 
negative attributes such as astringent, barny, grassy, and livery, and were higher 
ratings obtained for positive attributes such as brothy, fatty, juicy, and salty, 
compared to the previous grass-fed animals (Maughan et al., 2012). 
 Nonanoic and decanoic acids were greater in meat from alfalfa-raised than 
from sainfoin-raised animals (Tansawat, 2012). Decanoic acid is a saturated fatty 
acid in milk fat (Beare-Rogers, 2001). Nonanoic acid is a saturated organic 
compound that may contribute to beef tallow flavor (Um et al., 1992).  The 
increased proportion of these saturated compounds in alfalfa- relative to sainfoin-
based diets may be due to reduce ruminal biohydrogenation inhibition from 
condensed tannins inhibiting rumen micro-organisms (Vasta et al., 2009).  
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CONCLUSIONS 
 Grassland farmers face several challenges while attempting to make a 
living. While the traditional functions of pastures have been to capture solar 
energy in the form of plant biomass to feed ruminants, farmers now need to 
consider managing for a more sustainable agriculture system, with less 
dependence on limited and costly resources (Villalba et al., 2009) and for 
additional ecosystem functions such an enhancement of C sequestration 
(Sanderson et al., 2007), efficient capture of N from forages (Satter et al., 1999), 
and the health and welfare of their animals (Villalba et al., 2010). Degradation or 
loss of ecosystem services threatens the sustainability of their operation. A 
parsimonious response to these challenges resides in learning from the diversity 
we observe in natural plant communities (Provenza et al., 2007; Provenza, 2008).  
 Taking advantage of higher order complementarities among SC-
containing plants is a low-input, sustainable, and environmentally friendly 
alternative to do so. Complementarities among forages may lead to more efficient 
use of SC-containing plants with important value for U.S. agriculture, reducing 
environmental impacts caused by livestock, and improvements in animal and 
environmental health, and the quality and safety of animal products for 
consumers. 
 Results of my research suggest ways to take advantage of 
complementarities among forages in grazing systems. Cattle offered choices 
between legumes and fescue reached finish BW and incorporated TF - a lower 
quality grass- into their diets even during their first meal, when legumes were still 
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highly available. This pattern is consistent with a rumen-based constraint –likely 
ammonia- which may prevent the incorporation of a larger proportion of legumes 
into a ruminant’s diet. The presence of tannins in sainfoin likely reduced protein 
breakdown in the rumen which was reflected in greater utilization of sainfoin than 
alfalfa, except when sainfoin biomass availability declined towards the end of the 
trials (e.g., end of Period 3). However, this increase in sainfoin use was not 
reflected in greater gains or efficiencies.  
 Meat quality, in terms of color stability, resistance to browning, resistance 
to lipid oxidation, antioxidant status, fatty acid composition, and volatile 
compounds was comparable between the two diet treatments, although some 
saturated organic compounds were greater in animals grazing alfalfa. Thus, no 
differences between treatments are expected for consumer acceptance or health 
benefits. 
 The benefits of sainfoin are that it is high in protein, does not cause bloat 
in cattle, and is drought-tolerant. Thus, meat quality and acceptability of pasture-
finished cattle on sainfoin appears comparable to finishing on alfalfa-based 
pasture, if sainfoin forage DM availability can be sustained during the latter 
stages of the finishing period. 
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Appendix A 
LABORATORY PROCEDURES 
SOP for Saponin Analysis in Alfalfa 
 
Collecting & preparing plant samples: 
1. Clip about 50-100 grams of vegetative material and place in cooler with 
dry or regular ice until they can be placed in freezer. 
2. Freeze-dry plant samples. 
3. Grind them in a Wiley mill to pass through a 1mm screen. 
 
Extracting Saponins to create standard: 
*note: extraction of saponins for the standard requires 25-50 grams of dried 
ground material, depending on how much pure saponin desired (~25 grams plant 
material = 0.2111 grams saponin).  
 
STEP A: Soxhlet Extraction 
1. Measure 25 grams of ground alfalfa and place in paper thimble. 
2. Extract with HPLC grade hexane (~ 700mL) using soxhlet method for ~ 
30 hours. Discard hexane.  
3. Remove thimble and set out to dry overnight.  
4. Continue soxhlet extraction using methanol (700-750mL) for ~ 30 hours. 
Keep extraction with methanol solvent.   
 
STEP B: Chloroform Extraction 
1. Use a rotary evaporator (roto-vap) to remove excess methanol solvent 
(~1.5 hours).  
2. Add 600mL of 50/50 chloroform/distilled water to extract and decant into 
a separation funnel.  
3. Drain lower chloroform layer to discard.  
4. Add 300 mL of 50/50 chloroform/water, shake and let settle. Drain lower 
chloroform layer to discard.  
5. Repeat step 4 for a total of 4 chloroform extractions.  
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STEP C: Butanol Extraction 
1. Combine 300mL N-butanol with 100mL distilled water in separation 
funnel. Shake and let settle. Drain lower layer of water do discard.  
2. Mix 100mL of water-saturated N-butanol from step C1 with aqueous 
solution from step B and 1.5 grams sodium chloride in separation funnel. 
3. Drain lower polar layer to discard.  
4. Add 100mL water-saturated N-butanol to separation funnel with non-polar 
layer, mix, let settle and drain lower polar layer to discard.  
5. Repeat step 4 for a total of 3 butanol extractions.  
6. Roto-vap extract to dryness.  
 
STEP D: Purifying Saponin Extract 
1. Add ~ 4mL methanol to flask and sonicate to dissolve all dry residue. 
2. Introduce drop-wise into acetone (~ 900mL).  
3. Butchner funnel acetone to isolate precipitate. Add precipitate back into 
flask with ~ 2mL methanol, sonicate and drip into fresh acetone (~ 
900mL). 
4. Repeat step 3 (2X) and after the fourth and final time, allow the precipitate 
to stand in acetone for 16 hours. 
5. Collect the precipitate by using a butchner funnel and allow it to dry 
overnight at room temperature. Yield = .2111 grams purified saponin.  
 
STEP E: Creating Standard Curve 
*Note: Any glassware, especially the test tubes and caps, used for the entire 
procedure must be washed and rinsed properly to remove all residual soap or it 
will confound results. 
 
1. Measure 10mg saponin extract and add to 10mL distilled water in 16mL 
glass centrifuge test tube.  
2. Using a serial dilution create a 1mg/ml, 0.5mg/ml, 0.25mg/ml, 
0.125mg/ml, etc… in 7 (exact brand as the first) test tubes.  
3. Shake for 2 minutes and let settle for 15-20 minutes. Measure and record 
foam.  
4. Using excel obtain an R² value for the curve. Should be at least 0.97. 
 
Determining saponin % using small-scale extractions: 
Method developed by Steve, Dale, and Andrea 
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STEP A: Methanol Extraction 
1. Weigh out 50 mg of dried and ground plant material in triplicates and put 
into 16ml screw-cap test tubes. 
2. Add 5 mL methanol and vortex for 2 minutes or put on roto-geni for 30 
minutes. 
3. Centrifuge for 5 minutes at 2500 rpm. 
4. Pipette or decant supernatant into 20 mL vials.  
5. Repeat steps 2-3 for a total of 2 methanol extractions. 
6. Dry down methanol extractions. 
 
STEP B: Chloroform Extraction 
*Note: use tephlon caps and glass pipettes and vials for chloroform extractions. 
 
1. Add 5 mL distilled water and 5 mL chloroform to each sample from step 
A. Shake until all dried residue is dissolved.  
2. Centrifuge 5 minutes at 2500rpm. 
3. Pipette lower chloroform layer out to discard. 
4. Add 5ml chloroform to each vial. 
5. Repeat steps 2-4 for a total of 4 chloroform extractions. 
 
STEP C: N-Butanol Extraction 
1. Combine 150mL N-butanol with 50mL distilled water and 0.75 grams 
sodium chloride in separation funnel. Shake and let settle. Drain lower 
layer of water to discard.  
2. After discarding the lower chloroform layer from the 4th chloroform 
extraction in step B, add 5ml water-saturated N-butanol (from step C1) to 
each sample.  
3. Shake then centrifuge 5 minutes at 2500rpm.  
4. Pipette upper non-polar layer out and put into new and labeled 16mL test 
tubes.  
 
*Note: these test tubes will be used for the foam test so they must be the same 
brand used in creating the standard curve. Also, if one doesn’t have a nitrogen 
dryer to dry samples down, this step may use 20mL vials, put in sand bath and 
improvise blowers with glass pipettes and tubing. The dry residue will 
dissolve in water and can then be transferred to a 16mL centrifuge tube for the 
foam test. 
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5. Add 5ml water-saturated N-butanol to each sample from step C2. Shake 
and centrifuge 5 minutes at 2500rpm.  
6. Repeat step C4 so there is an accumulation of ~ 15ml of non-polar 
supernatant in the new and labeled test tubes.  
7. Dry down N-butanol extractions.  
 
STEP D: Foam Test 
1. Add 5mL distilled water to each sample. Shake for 2 minutes, let stand for 
15-20 minutes then measure and record foam.  
2. Calculate the percent of saponins by calculating mg/ml based on the 
standard curve equation (for instance, if the 0.25mg/ml from the standard 
rendered 2.8 cm of foam, use the number 0.089 by dividing 0.25 by 2.8), 
multiply by the cm of foam the sample rendered, multiply by 5, divide by 
the weight of the sample used in the extraction, lastly multiply by 100 for 
a percent by weight saponin content.   
 
*Note: foam may be reduced (if a re-measurement is required) by centrifuging. 
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Determination of Total Condensed Tannins in Sainfoin 
This procedure is an adaptation of method for determining total condensed 
tannins developed by Terrill et al. (1992).  The method quantifies both tannins 
that can be extracted by organic solvents such as acetone (extractable condensed 
tannins) as well as those that remain bound to the plant tissue after treatment with 
organic solvents (bound condensed tannins).  This procedure uses 70% acetone as 
a solvent which has been shown to give more complete and repeatable tannin 
extraction than other solvents (Terrill et al. 1990).  
 
 This procedure is a colorimetric method based on butanol-HCl procedure.  The 
primary classes of condensed tannins found in forage legumes are Procyanidins 
and Prodelphinidins which are composed of chains of cyanidin and delphinidin 
subunits respectively.  When placed in a heated butanol-HCL solution the 
condensed tannins break down into cyanidin and delphinidin subunits (Porter et 
al. 1986). These cyanidin and delphinidin subunits show up as red, pink, or purple 
colorants in the butanol-HCL solution, with the exact color varying depending  
upon the relative percentage of cyanidin and delphinidin subunits present.  
Therefore the concentration of these cyanidin and prodelphinidin subunits can be 
measured by a spectrophotometer.    
 
Purified tannin from the plant species being analyzed is used as the standard for 
determining tannin content.  There are two reasons for doing so.  First, using 
purified tannin is considered to give results that are more accurate and 
“biologically relevant” than those obtained using catechin (Terrill et al. 1990).  
Second, using commercial  preparations such as tannic acid, gallic acid or 
catechin  introduces repeatability problems associated with product variation 
between manufacturers.  Makkar and Becker (1994) found variations between 
different suppliers of tannic acid could result in a 20%-30% difference in 
calculated tannin content of a given plant sample, thus making it difficult to make 
meaningful comparisons between results obtained by different labs using tannic 
acid from different suppliers. 
 
I. Sample Preparation 
When samples are collected in the field they should be placed immediately on dry 
ice and transported to a deep freeze or directly to a freeze drier.  Samples should 
not be allowed to thaw between the time they are collected and freeze-dried.   
Allowing samples to thaw reduces tannin extractability as does air-drying or 
oven-drying (Terrill et al. 1990).  After samples are freeze-dried they should be 
ground in Wiley mill to pass through a 1mm screen and stored in a cool, dry 
place. 
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II. Isolating the Purified Tannin for Standards 
To obtain the purified tannin it is necessary to “sacrifice” 100-300 grams of 
ground fresh or freeze-dried plant material.  For high tannin species like sericea 
lespedeza 100 grams will be sufficient, but 300 grams may be needed for low-
tannin species such as birdsfoot trefoil.  Final yield of pure tannin will be about 
20% of the extractable tannin content of the forage. For example 100 grams of 
sericea lespedeza with 10% extractable tannin content will yield about 2 grams of 
purified tannin. The procedure needs advanced planning.  The sephadex LH-20 
beads need to be soaked overnight prior to the procedure. The procedure not 
counting freeze-drying will take 1-2 people approximately 16 hours.  The 
procedure will require 100 grams of sephadex LH-20 beads, 1-2 liters of diethyl 
ether, 2-3 liters of methanol and 4-6 liters of acetone. 
 
A.) Extraction of tannin from plant material. 
1) Mix the ground plant material in a beaker with a solution of 70% acetone, 30% 
water.  Stir thoroughly and pour mixture into 50 ml or larger centrifuge tubes and 
centrifuge until the solids settle out.  Pour off the supernatant (liquid) and save.  
2) Pour additional 70% acetone over the pellet (solid) from the above step, vortex 
and re-centrifuge.   Save the supernatant and combine with that from the first 
extraction. Two extractions will extract the majority of tannins but a third 
extraction will slightly increase the total tannin yield. 
B.) Removal of Plant Pigments 
1) Pour the acetone extract obtained above into a large separation funnel.  Add 1 
ml of diethyl ether for every 2 ml of acetone extract.  Mix until a phase separation 
occurs.  Draw off and save the lower aqueous layer (light brown or yellow) which 
contains the tannin and discard the upper organic layer containing plant oils, 
chlorophyll and other pigments. 
2) Repeat 3-4 times to remove all plant pigments and oils. 
C.) Removal of Organic Solvents 
Take aqueous layer obtained above and place in a rotary evaporator.  Start out at a 
relatively low temperature until all of the diethyl ether is removed then increase 
heat to remove acetone residues.  If any solids remain in liquid they should here 
be removed by centrifugation.  Measure and record the volume of aqueous 
solution. 
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D.)  Removal of Non-tannin Phenolics 
In this step you will “adhere” the tannin and non-tannin phenolics to the sephadex 
beads and then remove the non-tannin phenolics with 50% methanol. 
1) Pour 100 gram of sephadex LH-20 beads into a beaker and add 550 ml distilled 
water and soak overnight.   The next day pour off the excess water into a 
graduated cylinder and record volume.  The difference between the volume added 
and the volume removed will be the volume absorbed by the beads. 
2) Combine swollen sephadex beads with the aqueous solution from section C in 
a large beaker and add an amount of methanol equal to the amount of aqueous 
solution plus the amount of water absorbed by the sephadex beads.  Stir this 
solution for 30 minutes and then let set for 2-3 hours to allow the tannin to adhere 
to the beads. 
3) Mix up 2 liters of 50% methanol 50% distilled water solution. 
4) Set up a large Buchner funnel on a vacuum filtration apparatus, cover bottom 
with filter paper and moisten with 50% methanol and begin vacuum.  Pour the 
sephadex/water/methanol solution from step #2 into the Buchner funnel.  Wash 
the beads until the liquid coming off them is completely clear.  Try to avoid 
letting the beads get sucked dry during this process.  This process will take 1-3 
hours and will require 1-2 liters of 50% methanol.   Discard the liquid. 
E.)  Recovery of Tannin from Beads 
1) After discarding the methanol rinse above, rinse the vacuum bottle well with 
acetone and place the Buchner funnel with beads back on the vacuum bottle. 
2) Rinse the sephadex beads with 70% acetone, 30% water until the beads are 
snowy white.  This should take about 1-1.5 liters of the 70% acetone.  SAVE the 
liquid. 
F.) Removal of Acetone and Water and Recovery of Pure Tannin 
1) Take liquid rinse above and place in rotary evaporator to remove all traces 
acetone and methanol. 
2) After organic solvents have been removed, pour the liquid out in a shallow 
layer in metal freeze-drier pans.  Place pans in deep freeze overnight.  The next 
day place pans into freeze drier.  It should take about a week for removal of all the 
water leaving the purified tannin which looks like cotton candy and will be 
anywhere from off-white to reddish-brown depending upon the plant species.  
Store tannin in a cold, dry place until it is needed. 
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III. Determining Extractable Condensed Tannins 
A.) Preparation of 70% acetone solution. 
1) Measure out 740 ml of HPLC grade acetone and 310 ml of distilled water.  
This will yield one liter of mix due to 5% loss in volume that occurs when acetone 
and water are mixed. 
2) Weigh out 1 gram of ascorbic acid and dissolve in the liter of acetone/water 
mix.  
B.) Preparation of the butanol-HCl solution. 
Measure out 950 ml of 1-butanol, and add 50 ml of concentrated (37%) HCl.  Due 
the hazards involved with handling concentrated acids this step should be 
performed under a fume hood and appropriate eye and skin protection equipment 
should be worn.  Always add acid to butanol, not butanol to acid. 
C.) Weighing sub-samples 
Weigh and record triplicate 500 mg sub-samples of each plant sample 
D.) Extracting samples 
1) Pipette 20 ml of the 70% acetone mix into each centrifuge tube, cap and vortex 
mix each tube twice for 10 seconds each time. 
2) Place into heated shaking bath (32 degrees Celsius, 95 RPM) for 15 minutes. 
3) Remove tubes from bath, briefly hand mix and centrifuge for 15 minutes at 900 
G’s.  This corresponds to the 40 setting on the international model K centrifuge in 
our lab.  RCF in G’s is calculated by the formula G = (11.17 x 10-7) RN2 where R 
is radius in mm from center of centrifuge spindle the far tip of centrifuge tube and 
N is the speed of the spindle in RPM. 
4) Decant liquid into labeled beakers and cover with parafilm. 
5) Repeat steps 1-4 twice for a total of three extractions. 
6) Combine the three extracts and pour into a 100 ml graduated cylinder. Use an 
eyedropper to add 70% acetone solution to bring volume to nearest whole ml. 
Record volume in notebook and pour into new 50 ml screwtop centrifuge tubes. 
(Final volume will be 55-60 ml so a small amount of extract will be discarded). 
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7) Place extracts in freezer until you are ready to perform the butanol-HCl or 
Folin-Ciocalteu analyses.  Put the residues in the freezer as well to save for the 
bound condensed tannin analysis. Extracts will keep up to 30 days in freezer. 
E.) Determining Extractable Condensed tannins using the butanol-HCl procedure 
1) To prepare the 1mg/ml stock solution used in the standard curve, weigh out 
100 mg of pure tannin, dissolve in 50ml of 70% acetone and carefully pour into a 
100 ml volumetric flask.  Then bring volume up to exactly 100 ml.  Allow to 
“equilibrate” in refrigerator for 3 hours before using.   The stock solution will 
keep for up to a month as long as it is kept refrigerated and capped. 
2) To construct the standard curve pipette 20 ul (microliters) of the stock solution 
into each of 16 ml screwcap test tubes and do the same likewise for the 50, 100, 
200, and 250 ul concentrations. 
3) Pipette 100 ul of each extraction obtained in section D into triplicate 16 ml 
screwtop test tubes.  This will give a 3 X 3 subsampling regime--three subsamples 
taken from each sample and 3 absorbance values for each subsample. 
4) Pipette 5 ml of butanol-HCl into each tube containing the stock solution and 
plant sample extracts and mix with a vortex mixer.  Also prepare a blank tube 
with 5 ml of butanol-HCl solution.  
5) Place in a 95 degree Celsius water bath and cap each tube with a marble. 
6) After 1 hour and 15 minutes remove tubes from bath and cool them in ice 
water. 
7) Set the spectrophotometer at 550 nm, with filter appropriate for 550nm 
wavelength and “blank” the machine with the blank tube. 
8) Record the absorbance of each of the standard curve and sample tubes. 
9) Calculate the percent extractable condensed tannins by calculating mg/ml 
based on the standard curve equation, multiplying by ten (100 ul is 0.1 ml) then 
multiplying by ml of extract to total mg grams of extractable tannin.  Then divide 
mg extractable tannin by sample weight and multiply by 100 to get percent 
extractable tannin.  Once the dry matter of the freeze-dried sample is determined, 
the numbers can be corrected to a 100% dry matter basis. 
 
IV. Determining Bound Condensed Tannins 
A.)  Recovery of residues from the acetone extraction. 
 
 65 
1.) Weigh a 150 mm Whatman #1 filter paper to establish a tare weight and write 
sample number on it with a lead pencil.  Due to variation in filter weights it is 
necessary to pre-weigh each filter. 
2) Fold and place inside a funnel on a vacuum apparatus.  Wet the filter down 
with 100% acetone.  Dump the residue from procedure III.-D above, onto the 
filter and thoroughly rinse out residue centrifuge tube onto the filter with 100% 
acetone. 
3) Thoroughly wash the residue in the filter with 100% acetone.  Maintain 
vacuum until sample and filter are both dry. 
4) Allow filter and sample to air dry for an additional two hours. 
5) Weigh the dried filter with residue and calculate the net weight of residue. 
6) Place residues back in the centrifuge tubes they came from, making sure that 
the tubes are thoroughly dried. 
B.) Measuring bound condensed tannins with the butanol-HCl procedure. 
1.) Weigh triplicate 10 mg samples of residue and place in 16 ml screw-top test 
tubes.  This again is a 3 X 3 subsampling regime, three subsamples taken from 
each sample and 3 absorbance values recorded for each subsample. 
2) Construct a standard curve with the 1 mg/ml stock solution and a blank 
butanol-HCl tube as in section III.-E. 
3) Pipette 5 ml of butanol-HCl into each residue tube and mix with vortex mixer. 
4) Place all tubes into 95 degree Celsius water bath for one hour and 15 minutes. 
5) Cool tubes in ice water. 
6) Remix the residue tubes with vortex mixer.  For high-tannin samples such as 
sericea lespedeza it may be necessary to add another 5 ml of butanol-HCl to keep 
absorbance values within the range that can be read by the spectrophotometer.  
Make appropriate adjustments in calculations. 
7) Centrifuge the residue tubes for 15 minutes at 350 G’s using special inserts to 
hold the tubes in place. 
8) Record absorbance values for each tube on spectrophotometer at 550 nm. 
9) Calculate bound condensed tannins by calculating grams of tannin via standard 
curve equation then dividing by proportion of residue sampled to get mg of bound 
condensed tannin in samples, and dividing by sample weight to get percent bound 
condensed tannins.  When dry matter of samples is determined, convert to a dry 
matter basis. 
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Determining Total Extractable Phenolics  
Folin-Ciocalteu Method 
This method quantifies the total amount of phenolic compounds--both tannins and 
lower molecular weight compounds--that can be extracted by organic solvents.  
For this procedure, use the same acetone-extracts used to measure extractable 
condensed tannins in the total condensed tannin procedure.  This procedure uses 
the Folin-Ciocalteu reagent.  It is considered superior to the older Folin-Dennis 
reagent in that it is less likely to react with non-phenolic reducing agents such as 
ascorbic acid (Julkunen-Titto 1985). 
The Folin-Ciocalteu reagent contains sodium molybdate and sodium tungstate.  
These compounds react with the hydroxyl group (OH-) in phenolic compounds.  
The products of these reactions form a blue color which can be measured by 
spectrophotometer.  The exact shade of blue that is produced depends upon both 
the concentration of phenolics in an extract and the position of the hydroxyl 
groups on the phenolic molecules (Julkunen-Titto 1985). 
I. Preparation of Folin-Ciocalteu Reagent and Sodium Carbonate Buffer 
Solutions 
A.)  To prepare the Folin-Ciocalteu reagent and make mixture of 10% purchased 
Folin-Ciocalteu concentrate (Sigma F-9252) and 90% distilled water.  It is 
important to a mix a new batch each day.  If multiple “runs” are to be made 
throughout the day, try to minimize the amount of light exposure the Folin-
Ciocalteu reagent receives. 
B.)  To prepare the sodium carbonate buffer dissolve 75 grams of Na2CO3*H2O 
(not the anhydrous sodium carbonate) in one liter of distilled water.  To minimize 
the time needed to dissolve the sodium carbonate use a heated magnetic stirring 
apparatus at low heat. It may take over an hour for sodium carbonate to 
completely dissolve.   Once mixed the sodium carbonate buffer solution is quite 
stable and be kept for several weeks. 
II. Performing the Procedure 
A.) The standard curve can be constructed with the condensed tannin stock 
solution used in the Total Condensed Tannin procedure. Alternatively the curve 
can be constructed using a stock solution made by dissolving 100 mg of gallic 
acid (Sigma G-7384) in 100 ml of distilled water.  It will take about 45 minutes 
on a magnetic stirring apparatus to dissolve the gallic acid.  A new gallic acid 
stock solution needs to be made each day.  My research showed that the standard 
curve obtained with purified sericea lespedeza tannin was very similar to that 
obtained with gallic acid. 
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B.) Construct the standard curve by pipetting 20, 50, 100, 150 and 200 ul aliquots 
into 25 x 150 ml test tubes. 
C.) Pipette 100 ul of acetone extract into the 25 x 150 ml test tubes. Produce 3 
tubes for each subsample, a 3x3 subsampling regime, 3 subsamples per sample 
and 3 tubes read from each subsample. 
D.) Pipette 5 ml of Folin-Ciocalteu reagent into each test tube, including one 
blank tube.  Vortex mix each tube, then pipette 4 ml of sodium carbonate buffer 
solution into each tube.  There are a few important notes on this step.   First, the 
Folin reagent must be added 2-3 minutes before the sodium carbonate solution or 
an incomplete reaction will result. Second, it is important to run similar sized 
batches so that the time interval between the time the Folin reagent is added and 
the buffer is added is relatively consistent across samples. 
E.) Let the tubes react at room temperature for 2 hours.   
F.) Set the spectrophotometer at 675 nm with filter appropriate for 675 nm 
wavelength.  Blank spectrophotometer with the blank tube and read the standards 
and samples.  It is important to run small enough batches that all of the tubes can 
be read within an hour time frame. 
G.) Calculate percent total extractable phenolics as with the extractable condensed 
tannin procedure. 
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Appendix B 
SAS Outputs 
Average Daily Gains 2010 
Type 3 Tests of Fixed Effects 
Effect 
Num 
DF 
Den 
DF F Value Pr > F 
Treatment 1 70 0.00 0.9829 
 
 
Least Squares Means 
Effect Treatment Estimate 
Standard 
Error DF t Value Pr > |t| 
Treatment Alfalfa 2.2020 0.09958 70 22.11 <.0001 
Treatment Sainfoin 2.1990 0.09958 70 22.08 <.0001 
 
Average Daily Gains 2012  
Type 3 Tests of Fixed Effects 
Effect 
Num 
DF 
Den 
DF F Value Pr > F 
Treatment 1 45 0.16 0.6944 
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Least Squares Means 
Effect Treatment Estimate 
Standard 
Error DF t Value Pr > |t| 
Treatment Alfalfa 0.9838 0.03580 45 27.48 <.0001 
Treatment Sainfoin 1.0040 0.03657 45 27.46 <.0001 
 
Total Intake 2010 
Type 3 Tests of Fixed Effects 
Effect 
Num 
DF 
Den 
DF F Value Pr > F 
Treatment 1 4 6.73 0.0604 
Date 10 39 4.36 0.0004 
Treatment*Date 10 39 2.91 0.0082 
 
 
Least Squares Means 
Effect Treatment Date Estimate 
Standard 
Error DF t Value Pr > |t| 
Treatment Alfalfa  5.4146 0.5257 4 10.30 0.0005 
Treatment Sainfoin  7.3511 0.5295 4 13.88 0.0002 
Date  02JUN10 8.1656 0.7418 39 11.01 <.0001 
Date  02SEP10 4.3876 0.7418 39 5.92 <.0001 
Date  04AUG10 7.5766 0.8193 39 9.25 <.0001 
Date  10JUN10 8.4935 0.7418 39 11.45 <.0001 
Date  14JUL10 6.0320 0.7418 39 8.13 <.0001 
Date  16JUN10 7.7840 0.7418 39 10.49 <.0001 
Date  20AUG10 5.8667 0.7418 39 7.91 <.0001 
Date  21JUL10 6.2358 0.7418 39 8.41 <.0001 
Date  26AUG10 5.3333 0.7418 39 7.19 <.0001 
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Least Squares Means 
Effect Treatment Date Estimate 
Standard 
Error DF t Value Pr > |t| 
Date  26MAY10 4.6219 0.7418 39 6.23 <.0001 
Date  28JUL10 5.7139 0.7418 39 7.70 <.0001 
Treatment*Date Alfalfa 02JUN10 6.3299 1.0490 39 6.03 <.0001 
Treatment*Date Alfalfa 02SEP10 6.1305 1.0490 39 5.84 <.0001 
Treatment*Date Alfalfa 04AUG10 6.9800 1.0490 39 6.65 <.0001 
Treatment*Date Alfalfa 10JUN10 6.8866 1.0490 39 6.56 <.0001 
Treatment*Date Alfalfa 14JUL10 4.4882 1.0490 39 4.28 0.0001 
Treatment*Date Alfalfa 16JUN10 5.1353 1.0490 39 4.90 <.0001 
Treatment*Date Alfalfa 20AUG10 4.9421 1.0490 39 4.71 <.0001 
Treatment*Date Alfalfa 21JUL10 4.8473 1.0490 39 4.62 <.0001 
Treatment*Date Alfalfa 26AUG10 5.4458 1.0490 39 5.19 <.0001 
Treatment*Date Alfalfa 26MAY10 3.4881 1.0490 39 3.33 0.0019 
Treatment*Date Alfalfa 28JUL10 4.8867 1.0490 39 4.66 <.0001 
Treatment*Date Sainfoin 02JUN10 10.0013 1.0490 39 9.53 <.0001 
Treatment*Date Sainfoin 02SEP10 2.6447 1.0490 39 2.52 0.0159 
Treatment*Date Sainfoin 04AUG10 8.1731 1.2588 39 6.49 <.0001 
Treatment*Date Sainfoin 10JUN10 10.1005 1.0490 39 9.63 <.0001 
Treatment*Date Sainfoin 14JUL10 7.5759 1.0490 39 7.22 <.0001 
Treatment*Date Sainfoin 16JUN10 10.4328 1.0490 39 9.95 <.0001 
Treatment*Date Sainfoin 20AUG10 6.7914 1.0490 39 6.47 <.0001 
Treatment*Date Sainfoin 21JUL10 7.6243 1.0490 39 7.27 <.0001 
Treatment*Date Sainfoin 26AUG10 5.2208 1.0490 39 4.98 <.0001 
Treatment*Date Sainfoin 26MAY10 5.7558 1.0490 39 5.49 <.0001 
Treatment*Date Sainfoin 28JUL10 6.5412 1.0490 39 6.24 <.0001 
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Total Intake 2012 
Type 3 Tests of Fixed Effects 
Effect 
Num 
DF 
Den 
DF F Value Pr > F 
Treatment 1 4 9.96 0.0343 
Date 10 40 4.77 0.0002 
Treatment*Date 10 40 3.84 0.0011 
 
Least Squares Means 
Effect Treatment Date Estimate 
Standard 
Error DF t Value Pr > |t| 
Treatment Alfalfa  9.3065 0.5377 4 17.31 <.0001 
Treatment Sainfoin  11.7066 0.5377 4 21.77 <.0001 
Date  01AUG12 10.2773 1.0638 40 9.66 <.0001 
Date  03JUL12 12.7854 1.0638 40 12.02 <.0001 
Date  05SEP12 12.2842 1.0638 40 11.55 <.0001 
Date  08AUG12 10.7235 1.0638 40 10.08 <.0001 
Date  08JUN12 5.5037 1.0638 40 5.17 <.0001 
Date  11SEP12 12.7967 1.0638 40 12.03 <.0001 
Date  13JUN12 7.2145 1.0638 40 6.78 <.0001 
Date  15AUG12 10.1555 1.0638 40 9.55 <.0001 
Date  20JUN12 10.7744 1.0638 40 10.13 <.0001 
Date  25JUL12 11.4889 1.0638 40 10.80 <.0001 
Date  27JUN12 11.5681 1.0638 40 10.87 <.0001 
Treatment*Date Alfalfa 01AUG12 9.1755 1.5045 40 6.10 <.0001 
Treatment*Date Alfalfa 03JUL12 8.7468 1.5045 40 5.81 <.0001 
Treatment*Date Alfalfa 05SEP12 13.5833 1.5045 40 9.03 <.0001 
Treatment*Date Alfalfa 08AUG12 8.8921 1.5045 40 5.91 <.0001 
Treatment*Date Alfalfa 08JUN12 3.9274 1.5045 40 2.61 0.0127 
Treatment*Date Alfalfa 11SEP12 15.8962 1.5045 40 10.57 <.0001 
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Least Squares Means 
Effect Treatment Date Estimate 
Standard 
Error DF t Value Pr > |t| 
Treatment*Date Alfalfa 13JUN12 6.2568 1.5045 40 4.16 0.0002 
Treatment*Date Alfalfa 15AUG12 7.3149 1.5045 40 4.86 <.0001 
Treatment*Date Alfalfa 20JUN12 8.4205 1.5045 40 5.60 <.0001 
Treatment*Date Alfalfa 25JUL12 11.4763 1.5045 40 7.63 <.0001 
Treatment*Date Alfalfa 27JUN12 8.6814 1.5045 40 5.77 <.0001 
Treatment*Date Sainfoin 01AUG12 11.3790 1.5045 40 7.56 <.0001 
Treatment*Date Sainfoin 03JUL12 16.8241 1.5045 40 11.18 <.0001 
Treatment*Date Sainfoin 05SEP12 10.9850 1.5045 40 7.30 <.0001 
Treatment*Date Sainfoin 08AUG12 12.5549 1.5045 40 8.35 <.0001 
Treatment*Date Sainfoin 08JUN12 7.0799 1.5045 40 4.71 <.0001 
Treatment*Date Sainfoin 11SEP12 9.6972 1.5045 40 6.45 <.0001 
Treatment*Date Sainfoin 13JUN12 8.1722 1.5045 40 5.43 <.0001 
Treatment*Date Sainfoin 15AUG12 12.9960 1.5045 40 8.64 <.0001 
Treatment*Date Sainfoin 20JUN12 13.1283 1.5045 40 8.73 <.0001 
Treatment*Date Sainfoin 25JUL12 11.5016 1.5045 40 7.64 <.0001 
Treatment*Date Sainfoin 27JUN12 14.4547 1.5045 40 9.61 <.0001 
 
Scans on Grazing 2010 
Type 3 Tests of Fixed Effects 
Effect 
Num 
DF 
Den 
DF F Value Pr > F 
Treatment 1 4 10.57 0.0313 
Date 33 116 8.98 <.0001 
Treatment*Date 33 116 1.90 0.0066 
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Least Squares Means 
Effect Treatment Date Estimate 
Standard 
Error DF t Value Pr > |t| 
Treatment Alfalfa  81.9445 1.7270 4 47.45 <.0001 
Treatment Sainfoin  89.8866 1.7270 4 52.05 <.0001 
Date  02AUG10 96.1667 2.6799 116 35.88 <.0001 
Date  02JUN10 84.5000 2.6799 116 31.53 <.0001 
Date  02SEP10 91.6667 2.6799 116 34.20 <.0001 
Date  03JUN10 75.3333 2.6799 116 28.11 <.0001 
Date  03SEP10 94.5000 2.6799 116 35.26 <.0001 
Date  04AUG10 97.0000 2.6799 116 36.19 <.0001 
Date  04JUN10 75.6250 2.6799 116 28.22 <.0001 
Date  08JUN10 80.8166 3.1960 116 25.29 <.0001 
Date  09JUN10 74.1667 2.6799 116 27.67 <.0001 
Date  10JUN10 80.3333 2.6799 116 29.98 <.0001 
Date  11JUN10 83.0000 2.6799 116 30.97 <.0001 
Date  12JUL10 89.8333 2.6799 116 33.52 <.0001 
Date  13JUN10 97.4740 4.3952 116 22.18 <.0001 
Date  14JUL10 76.2986 2.6799 116 28.47 <.0001 
Date  14JUN10 91.2630 3.1963 116 28.55 <.0001 
Date  16JUL10 86.0000 2.6799 116 32.09 <.0001 
Date  16JUN10 89.8333 2.6799 116 33.52 <.0001 
Date  18JUN10 93.9792 2.6799 116 35.07 <.0001 
Date  19AUG10 83.5000 2.6799 116 31.16 <.0001 
Date  19JUL10 83.3333 2.6799 116 31.10 <.0001 
Date  20AUG10 89.0000 2.6799 116 33.21 <.0001 
Date  20JUL10 89.6667 2.6799 116 33.46 <.0001 
Date  20JUN10 97.1592 4.3944 116 22.11 <.0001 
Date  21JUL10 91.8333 2.6799 116 34.27 <.0001 
Date  21JUN10 89.6704 3.1960 116 28.06 <.0001 
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Least Squares Means 
Effect Treatment Date Estimate 
Standard 
Error DF t Value Pr > |t| 
Date  24AUG10 83.8333 2.6799 116 31.28 <.0001 
Date  25AUG10 81.6667 2.6799 116 30.47 <.0001 
Date  25MAY10 70.7630 3.1963 116 22.14 <.0001 
Date  26AUG10 85.5000 2.6799 116 31.90 <.0001 
Date  26JUL10 82.3333 2.6799 116 30.72 <.0001 
Date  27MAY10 72.9130 2.6799 116 27.21 <.0001 
Date  28JUL10 93.1667 2.6799 116 34.76 <.0001 
Date  28MAY10 74.1667 2.6799 116 27.67 <.0001 
Date  30JUL10 94.8333 2.6799 116 35.39 <.0001 
Treatment*Date Alfalfa 02AUG10 95.3333 3.7900 116 25.15 <.0001 
Treatment*Date Alfalfa 02JUN10 82.0000 3.7900 116 21.64 <.0001 
Treatment*Date Alfalfa 02SEP10 87.6667 3.7900 116 23.13 <.0001 
Treatment*Date Alfalfa 03JUN10 63.6667 3.7900 116 16.80 <.0001 
Treatment*Date Alfalfa 03SEP10 89.0000 3.7900 116 23.48 <.0001 
Treatment*Date Alfalfa 04AUG10 96.0000 3.7900 116 25.33 <.0001 
Treatment*Date Alfalfa 04JUN10 73.9167 3.7900 116 19.50 <.0001 
Treatment*Date Alfalfa 08JUN10 73.1242 4.5198 116 16.18 <.0001 
Treatment*Date Alfalfa 09JUN10 74.3333 3.7900 116 19.61 <.0001 
Treatment*Date Alfalfa 10JUN10 75.3333 3.7900 116 19.88 <.0001 
Treatment*Date Alfalfa 11JUN10 86.3333 3.7900 116 22.78 <.0001 
Treatment*Date Alfalfa 12JUL10 85.0000 3.7900 116 22.43 <.0001 
Treatment*Date Alfalfa 13JUN10 97.2997 6.2158 116 15.65 <.0001 
Treatment*Date Alfalfa 14JUL10 71.9306 3.7900 116 18.98 <.0001 
Treatment*Date Alfalfa 14JUN10 89.3502 4.5202 116 19.77 <.0001 
Treatment*Date Alfalfa 16JUL10 79.6667 3.7900 116 21.02 <.0001 
Treatment*Date Alfalfa 16JUN10 87.6667 3.7900 116 23.13 <.0001 
Treatment*Date Alfalfa 18JUN10 95.3333 3.7900 116 25.15 <.0001 
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Least Squares Means 
Effect Treatment Date Estimate 
Standard 
Error DF t Value Pr > |t| 
Treatment*Date Alfalfa 19AUG10 73.3333 3.7900 116 19.35 <.0001 
Treatment*Date Alfalfa 19JUL10 81.3333 3.7900 116 21.46 <.0001 
Treatment*Date Alfalfa 20AUG10 81.3333 3.7900 116 21.46 <.0001 
Treatment*Date Alfalfa 20JUL10 86.3333 3.7900 116 22.78 <.0001 
Treatment*Date Alfalfa 20JUN10 97.9488 6.2146 116 15.76 <.0001 
Treatment*Date Alfalfa 21JUL10 88.0000 3.7900 116 23.22 <.0001 
Treatment*Date Alfalfa 21JUN10 90.5256 4.5198 116 20.03 <.0001 
Treatment*Date Alfalfa 24AUG10 75.0000 3.7900 116 19.79 <.0001 
Treatment*Date Alfalfa 25AUG10 73.6667 3.7900 116 19.44 <.0001 
Treatment*Date Alfalfa 25MAY10 66.3502 4.5202 116 14.68 <.0001 
Treatment*Date Alfalfa 26AUG10 76.3333 3.7900 116 20.14 <.0001 
Treatment*Date Alfalfa 26JUL10 76.3333 3.7900 116 20.14 <.0001 
Treatment*Date Alfalfa 27MAY10 66.6667 3.7900 116 17.59 <.0001 
Treatment*Date Alfalfa 28JUL10 89.6667 3.7900 116 23.66 <.0001 
Treatment*Date Alfalfa 28MAY10 69.0000 3.7900 116 18.21 <.0001 
Treatment*Date Alfalfa 30JUL10 91.3333 3.7900 116 24.10 <.0001 
Treatment*Date Sainfoin 02AUG10 97.0000 3.7900 116 25.59 <.0001 
Treatment*Date Sainfoin 02JUN10 87.0000 3.7900 116 22.96 <.0001 
Treatment*Date Sainfoin 02SEP10 95.6667 3.7900 116 25.24 <.0001 
Treatment*Date Sainfoin 03JUN10 87.0000 3.7900 116 22.96 <.0001 
Treatment*Date Sainfoin 03SEP10 100.00 3.7900 116 26.39 <.0001 
Treatment*Date Sainfoin 04AUG10 98.0000 3.7900 116 25.86 <.0001 
Treatment*Date Sainfoin 04JUN10 77.3333 3.7900 116 20.40 <.0001 
Treatment*Date Sainfoin 08JUN10 88.5090 4.5198 116 19.58 <.0001 
Treatment*Date Sainfoin 09JUN10 74.0000 3.7900 116 19.52 <.0001 
Treatment*Date Sainfoin 10JUN10 85.3333 3.7900 116 22.52 <.0001 
Treatment*Date Sainfoin 11JUN10 79.6667 3.7900 116 21.02 <.0001 
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Least Squares Means 
Effect Treatment Date Estimate 
Standard 
Error DF t Value Pr > |t| 
Treatment*Date Sainfoin 12JUL10 94.6667 3.7900 116 24.98 <.0001 
Treatment*Date Sainfoin 13JUN10 97.6484 6.2158 116 15.71 <.0001 
Treatment*Date Sainfoin 14JUL10 80.6667 3.7900 116 21.28 <.0001 
Treatment*Date Sainfoin 14JUN10 93.1758 4.5202 116 20.61 <.0001 
Treatment*Date Sainfoin 16JUL10 92.3333 3.7900 116 24.36 <.0001 
Treatment*Date Sainfoin 16JUN10 92.0000 3.7900 116 24.27 <.0001 
Treatment*Date Sainfoin 18JUN10 92.6250 3.7900 116 24.44 <.0001 
Treatment*Date Sainfoin 19AUG10 93.6667 3.7900 116 24.71 <.0001 
Treatment*Date Sainfoin 19JUL10 85.3333 3.7900 116 22.52 <.0001 
Treatment*Date Sainfoin 20AUG10 96.6667 3.7900 116 25.51 <.0001 
Treatment*Date Sainfoin 20JUL10 93.0000 3.7900 116 24.54 <.0001 
Treatment*Date Sainfoin 20JUN10 96.3696 6.2146 116 15.51 <.0001 
Treatment*Date Sainfoin 21JUL10 95.6667 3.7900 116 25.24 <.0001 
Treatment*Date Sainfoin 21JUN10 88.8152 4.5198 116 19.65 <.0001 
Treatment*Date Sainfoin 24AUG10 92.6667 3.7900 116 24.45 <.0001 
Treatment*Date Sainfoin 25AUG10 89.6667 3.7900 116 23.66 <.0001 
Treatment*Date Sainfoin 25MAY10 75.1758 4.5202 116 16.63 <.0001 
Treatment*Date Sainfoin 26AUG10 94.6667 3.7900 116 24.98 <.0001 
Treatment*Date Sainfoin 26JUL10 88.3333 3.7900 116 23.31 <.0001 
Treatment*Date Sainfoin 27MAY10 79.1594 3.7900 116 20.89 <.0001 
Treatment*Date Sainfoin 28JUL10 96.6667 3.7900 116 25.51 <.0001 
Treatment*Date Sainfoin 28MAY10 79.3333 3.7900 116 20.93 <.0001 
Treatment*Date Sainfoin 30JUL10 98.3333 3.7900 116 25.95 <.0001 
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Scans on Grazing 2012 
Type 3 Tests of Fixed Effects 
Effect 
Num 
DF 
Den 
DF F Value Pr > F 
Treatment 1 4 28.81 0.0058 
Date 31 699 11.36 <.0001 
Treatment*Date 31 699 2.58 <.0001 
 
 
Least Squares Means 
Effect Treatment Date Estimate 
Standard 
Error DF t Value Pr > |t| 
Treatment Alfalfa  77.5994 1.6915 4 45.87 <.0001 
Treatment Sainfoin  90.4375 1.6913 4 53.47 <.0001 
Date  01AUG12 86.0000 2.5718 699 33.44 <.0001 
Date  02JUL12 86.3333 2.5718 699 33.57 <.0001 
Date  03JUL12 84.0000 2.5718 699 32.66 <.0001 
Date  05JUL12 88.5000 2.5718 699 34.41 <.0001 
Date  05SEP12 89.5000 2.5718 699 34.80 <.0001 
Date  06AUG12 87.6667 2.5718 699 34.09 <.0001 
Date  06SEP12 84.5000 2.5718 699 32.86 <.0001 
Date  07SEP12 86.0000 2.5718 699 33.44 <.0001 
Date  08AUG12 87.6667 2.5718 699 34.09 <.0001 
Date  08JUN12 54.4999 2.6189 699 20.81 <.0001 
Date  10AUG12 92.8333 2.5718 699 36.10 <.0001 
Date  10SEP12 86.0000 2.5718 699 33.44 <.0001 
Date  11JUN12 72.0000 2.5718 699 28.00 <.0001 
Date  12SEP12 93.3333 2.5718 699 36.29 <.0001 
Date  13AUG12 91.1667 2.5718 699 35.45 <.0001 
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Least Squares Means 
Effect Treatment Date Estimate 
Standard 
Error DF t Value Pr > |t| 
Date  13JUN12 77.8333 2.5718 699 30.26 <.0001 
Date  15AUG12 92.6667 2.5718 699 36.03 <.0001 
Date  15JUN12 85.1667 2.5718 699 33.12 <.0001 
Date  17AUG12 88.1667 2.5718 699 34.28 <.0001 
Date  19JUN12 81.8333 2.5718 699 31.82 <.0001 
Date  20AUG10 88.3333 2.5718 699 34.35 <.0001 
Date  20JUN12 89.5000 2.5718 699 34.80 <.0001 
Date  21JUN12 86.2569 2.5718 699 33.54 <.0001 
Date  25JUL12 77.0000 2.5718 699 29.94 <.0001 
Date  25JUN12 82.6667 2.5718 699 32.14 <.0001 
Date  26JUL12 74.1667 2.5718 699 28.84 <.0001 
Date  26JUN12 88.3333 2.5718 699 34.35 <.0001 
Date  27JUL12 86.1667 2.5718 699 33.50 <.0001 
Date  27JUN12 90.8333 2.5718 699 35.32 <.0001 
Date  30JUL12 78.8333 2.5718 699 30.65 <.0001 
Date  31AUG12 72.6667 2.5718 699 28.26 <.0001 
Date  31JUL12 78.1667 2.5718 699 30.39 <.0001 
Treatment*Date Alfalfa 01AUG12 83.6667 3.6370 699 23.00 <.0001 
Treatment*Date Alfalfa 02JUL12 78.6667 3.6370 699 21.63 <.0001 
Treatment*Date Alfalfa 03JUL12 71.3333 3.6370 699 19.61 <.0001 
Treatment*Date Alfalfa 05JUL12 86.0000 3.6370 699 23.65 <.0001 
Treatment*Date Alfalfa 05SEP12 82.6667 3.6370 699 22.73 <.0001 
Treatment*Date Alfalfa 06AUG12 81.6667 3.6370 699 22.45 <.0001 
Treatment*Date Alfalfa 06SEP12 77.0000 3.6370 699 21.17 <.0001 
Treatment*Date Alfalfa 07SEP12 84.3333 3.6370 699 23.19 <.0001 
Treatment*Date Alfalfa 08AUG12 78.6667 3.6370 699 21.63 <.0001 
Treatment*Date Alfalfa 08JUN12 52.3331 3.7691 699 13.88 <.0001 
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Least Squares Means 
Effect Treatment Date Estimate 
Standard 
Error DF t Value Pr > |t| 
Treatment*Date Alfalfa 10AUG12 92.0000 3.6370 699 25.30 <.0001 
Treatment*Date Alfalfa 10SEP12 76.0000 3.6370 699 20.90 <.0001 
Treatment*Date Alfalfa 11JUN12 59.6667 3.6370 699 16.41 <.0001 
Treatment*Date Alfalfa 12SEP12 89.3333 3.6370 699 24.56 <.0001 
Treatment*Date Alfalfa 13AUG12 90.0000 3.6370 699 24.75 <.0001 
Treatment*Date Alfalfa 13JUN12 67.6667 3.6370 699 18.60 <.0001 
Treatment*Date Alfalfa 15AUG12 91.0000 3.6370 699 25.02 <.0001 
Treatment*Date Alfalfa 15JUN12 75.3333 3.6370 699 20.71 <.0001 
Treatment*Date Alfalfa 17AUG12 86.6667 3.6370 699 23.83 <.0001 
Treatment*Date Alfalfa 19JUN12 73.0000 3.6370 699 20.07 <.0001 
Treatment*Date Alfalfa 20AUG10 86.3333 3.6370 699 23.74 <.0001 
Treatment*Date Alfalfa 20JUN12 82.0000 3.6370 699 22.55 <.0001 
Treatment*Date Alfalfa 21JUN12 76.8472 3.6370 699 21.13 <.0001 
Treatment*Date Alfalfa 25JUL12 72.3333 3.6370 699 19.89 <.0001 
Treatment*Date Alfalfa 25JUN12 77.3333 3.6370 699 21.26 <.0001 
Treatment*Date Alfalfa 26JUL12 61.6667 3.6370 699 16.96 <.0001 
Treatment*Date Alfalfa 26JUN12 81.0000 3.6370 699 22.27 <.0001 
Treatment*Date Alfalfa 27JUL12 82.3333 3.6370 699 22.64 <.0001 
Treatment*Date Alfalfa 27JUN12 83.6667 3.6370 699 23.00 <.0001 
Treatment*Date Alfalfa 30JUL12 66.3333 3.6370 699 18.24 <.0001 
Treatment*Date Alfalfa 31AUG12 65.3333 3.6370 699 17.96 <.0001 
Treatment*Date Alfalfa 31JUL12 71.0000 3.6370 699 19.52 <.0001 
Treatment*Date Sainfoin 01AUG12 88.3333 3.6370 699 24.29 <.0001 
Treatment*Date Sainfoin 02JUL12 94.0000 3.6370 699 25.85 <.0001 
Treatment*Date Sainfoin 03JUL12 96.6667 3.6370 699 26.58 <.0001 
Treatment*Date Sainfoin 05JUL12 91.0000 3.6370 699 25.02 <.0001 
Treatment*Date Sainfoin 05SEP12 96.3333 3.6370 699 26.49 <.0001 
 80 
Least Squares Means 
Effect Treatment Date Estimate 
Standard 
Error DF t Value Pr > |t| 
Treatment*Date Sainfoin 06AUG12 93.6667 3.6370 699 25.75 <.0001 
Treatment*Date Sainfoin 06SEP12 92.0000 3.6370 699 25.30 <.0001 
Treatment*Date Sainfoin 07SEP12 87.6667 3.6370 699 24.10 <.0001 
Treatment*Date Sainfoin 08AUG12 96.6667 3.6370 699 26.58 <.0001 
Treatment*Date Sainfoin 08JUN12 56.6667 3.6370 699 15.58 <.0001 
Treatment*Date Sainfoin 10AUG12 93.6667 3.6370 699 25.75 <.0001 
Treatment*Date Sainfoin 10SEP12 96.0000 3.6370 699 26.40 <.0001 
Treatment*Date Sainfoin 11JUN12 84.3333 3.6370 699 23.19 <.0001 
Treatment*Date Sainfoin 12SEP12 97.3333 3.6370 699 26.76 <.0001 
Treatment*Date Sainfoin 13AUG12 92.3333 3.6370 699 25.39 <.0001 
Treatment*Date Sainfoin 13JUN12 88.0000 3.6370 699 24.20 <.0001 
Treatment*Date Sainfoin 15AUG12 94.3333 3.6370 699 25.94 <.0001 
Treatment*Date Sainfoin 15JUN12 95.0000 3.6370 699 26.12 <.0001 
Treatment*Date Sainfoin 17AUG12 89.6667 3.6370 699 24.65 <.0001 
Treatment*Date Sainfoin 19JUN12 90.6667 3.6370 699 24.93 <.0001 
Treatment*Date Sainfoin 20AUG10 90.3333 3.6370 699 24.84 <.0001 
Treatment*Date Sainfoin 20JUN12 97.0000 3.6370 699 26.67 <.0001 
Treatment*Date Sainfoin 21JUN12 95.6667 3.6370 699 26.30 <.0001 
Treatment*Date Sainfoin 25JUL12 81.6667 3.6370 699 22.45 <.0001 
Treatment*Date Sainfoin 25JUN12 88.0000 3.6370 699 24.20 <.0001 
Treatment*Date Sainfoin 26JUL12 86.6667 3.6370 699 23.83 <.0001 
Treatment*Date Sainfoin 26JUN12 95.6667 3.6370 699 26.30 <.0001 
Treatment*Date Sainfoin 27JUL12 90.0000 3.6370 699 24.75 <.0001 
Treatment*Date Sainfoin 27JUN12 98.0000 3.6370 699 26.94 <.0001 
Treatment*Date Sainfoin 30JUL12 91.3333 3.6370 699 25.11 <.0001 
Treatment*Date Sainfoin 31AUG12 80.0000 3.6370 699 22.00 <.0001 
Treatment*Date Sainfoin 31JUL12 85.3333 3.6370 699 23.46 <.0001 
 
